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S y n o p s i s .
I n  p a r t  one t h e  h e r e d i t y  o f  m y o p i a , n i g h t - b l i n d n e s s  
and  r e t i n i t i s  p ig m e n to sa  i n  a s s o c i a t i o n  w i t h  o t h e r  
d e f e c t s  i s  d i s c u s s e d .  T h is  s e r v e s  a s  a n  i n t r o d u c t i o n  
t o  t h e  second  p a r t  which i s  c o n c e rn e d  w i t h  s e a r c h  f o r  
g e n e t i c  l i n k a g e  r e l a t i o n s h i p s  i n  f a m i l i e s  i n h e r i t i n g  
"both h a e m o p h i l i a  and c o l o u r - b l i n d n e s s .  I n  t h e  t h i r d  
p a r t  t h r e e  l a r g e  p e d i g r e e s  o f  b l u e  s c l e r o t i c s . b r i t t l e  
b on e s  and d e a f n e s s  a r e  d e s c r i b e d .  I n  t h e  l a r g e s t  
o f  t h e s e  c o l o u r - b l i n d  i n d i v i d u a l s  were f o u n d .  This  
p e d i g r e e  was examined i n  d e t a i l  f o r  b lo o d - g r o u p  and 
t a s t e  f a c t o r s  i n  a n  a t t e m p t  t o  e s t a b l i s h  l i n k a g e  
r e l a t i o n s h i p s .  The l a s t  s e c t i o n  i«  b a s e d  upon 
t h e  i n v e s t i g a t i o n  o f  f i v e  h u n d re d  c o n s e c u t i v e  p a t i e n t s  
examined p r i m a r i l y  f o r  e r r o r s  o f  r e f r a c t i o n  i n  whom 
t h e  c o n d i t i o n  o f  t h e  e a r  l o b e s  and  i r i s  c o l o u r  was 
r e c o r d e d .  A s h o r t  a n a l y s i s  o f  t h i s  m a t e r i a l  i s  made 
and  t h e  s e c t i o n  c o n c lu d e s  w i t h  a  p e d ig r e e  i n  w h ich  a l l  
t h e s e  norm al  f a c t o r s  were i n v e s t i g a t e d .  The t h e s i s  
i s  con c lu d ed  w i t h  a  n o t e  upon t h e  prob lem s d i s c u s s e d  
and  t h e  need  f o r  f u r t h e r  work on t h e s e  l i n e s .
iv
P e d i g r e e  C h a r t s .
A .  Myopia.
B, Myopia.
C. N i g h t - B l i n d n e s s  i n h e r i t e d  a s  a  d o m in a n t .
D, R e t i n i t i s  P ig m e n to s a ,
■" Ef  R e t i n i t i s  P ig m en to sa  w i t h  Myopia .
'  p .  C h o r o i d e r e m i a , R e t i n i t i s  P igm en to sa  and
S e x - l i n k e d  N i g h t - B l i n d n e s s  w i t h  Myopia .
G, H aem o p h i l ia  and  C o l o u r - B l i n d n e s s .
\ H .  H a em o p h i l i a  and C o l o u r - B l i n d n e s s ,
v I . B lue  S c l e r o t i c a . B r i t t l e  Bones a n d  D e a f n e s s .
^  J .  B lue  S c l e r o t i c a . B r i t t l e  Bones and  D e a f n e s s .
'  K, B lue  S c l e r o t i c s . B r i t t l e  B o n e s , D eafness  and
C o l o u r - B l i n d n e s s .  B lood  Grouped and  T a s te  T e s t e d ,  
I .  P e d ig r e e  o f  R e f r a c t i o n , I r i s  C o l o u r , E a r L o b e ?
and  T a s t e  T e s t  i n  noripal  i n d i v i d u a l s .
Vn F o r  I  "bel ieve  t h a t ,  w h i l e  t h e o r i e s  a r e  t r a n s i t o r y ,  
a  r e c o r d  o f  f a c t s  h a s  a pe rm anen t  v a l u e , "
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I n t r o d u c t i o n .
T h is  t h e s i s  i s  b a s e d  upon t h e  numerous examples  o f  
h e r e d i t a r y  a n o m a l ie s  w h ic h  have  b e en  o b s e r v e d  i n  
v a r i o u s  o p h th a lm ic  c l i n i c s .  The m a t e r i a l  i s
a r r a n g e d  i n  o r d e r  o f  i n c r e a s i n g  co m plex i ty .com m enc ing  
w i t h  a  d i s c u s s i o n  on t h e  h e r e d i t y  o f  myopia  and 
e n d in g  w i t h  a n  a t t e m p t  t o  i n v e s t i g a t e  f a m i l i e s  
s e g r e g a t i n g  f o r  b o t h  no rm al  and  p a t h o l o g i c a l  f a c t o r s .  
There  a r e  two main methods o f  a c q u i r i n g  
knowledge c o n c e r n in g  t h e  h e r e d i t y  o f  eye c o n d i t i o n s .
One i s  t h e  c o l l e c t i n g  o f  s t a t i s t i c s  and p o o l i n g  th e  
d a t a  •, t h i s  may b e  c a l l e d  t h e  b i o m e t r i c a l  m ethod .
The o t h e r  i s  t h e  c o l l e c t i o n  o f  f a m i ly  h i s t o r i e s  and 
t h e  s t u d y  o f  t h e  r e l a t i o n s h i p s  b e tw een  t h e  i n d i v i d u a l s  
c o n c e rn e d .  As s c i e n c e s  h e r e d i t y  a n d  g e n e t i c s
a r e  co n ce rn ed  w i t h  t h e  e s t a b l i s h m e n t  o f  g e n e r a l  laws 
and  t h e  i n d i v i d u a l  member o f  a n  a f f e c t e d  f a m i l y  i s  
o f  l i t t l e  moment. To t h e  c l i n i c i a n  who i s  i n t e r e s t e d
i n  t h e s e  m a t t e r s  t h e  i n d i v i d u a l  a s p e c t  i s  c o n s t a n t l y
r e c u r r i n g .  I  have b e en  v e ry  much im p r e s s e d  by
t h e  i n t e r e s t  which members o f  v a r i o u s  f a m i l i e s  have 
shown and t h e  l e n g t h s  which  th e y  w i l l  go to  i n  o r d e r  
t o  be  o f  a s s i s t a n c e .  W ithou t  su ch  c o - o p e r a t i o n
t h e  l a r g e r  p e d i g r e e s  i n c l u d e d  i n  t h i s  t h e s i s  c o u ld  
n o t  have  b e e n  i n v e s t i g a t e d  f u l l y  a t  a l l .  C l i n i c a l l y  
t h e  th o r o u g h n e s s  w i t h  which a  p e d i g r e e  i s  e n q u i r e d  
i n t o  may depend upon t h e  p r a c t i c a l  a s p e c t  o f  a p a r t i c u l a r  
c a s e .  U nhapp iness  may be c au se d  by f u l l  e n q u i r y ,  o r
even by in f o r m i n g  t h e  i n d i v i d u a l  o f  t h e  cause  o f  h i s  
d i s a b i l i t y .  An i m p r e s s i o n a b l e  boy r e j e c t e d  by th e  
Navy on a c c o u n t  o f  c o l o u r  b l i n d n e s s  i s  b e t t e r  t o  b e l i e v e  
t h a t  h i s  i d e a s  o f  c o l o u r  a r e  a l i t t l e  p e c u l i a r  o r  t h a t  
t h e  s t a n d a r d  i s  v e ry  h i g h ,  r a t h e r  t h a n  to  be  t o l d  t h a t  
he  i s  r e d - g r e e n  b l i n d  and t h a t  h i s  m o the r  i s  r e s p o n s i b l e  
f o r  i t .
G e n e t i c i s t s  f r e q u e n t l y  c om pla in  t h a t  c l i n i c i a n s  
t e n d  to  p u b l i s h  o n ly  th e  " i n t e r e s t i n g  c a s e s " ,  s u c h  as  
p e d i g r e e s  which c o n t a i n  a l a r g e  number o f  a f f e c t e d  
i n d i v i d u a l s .  While t h i s  c r i t i c i s m  has  a c e r t a i n
b a s i s  o f  t r u t h ,  i t  i s  n o t  p o s s i b l e  to  r e p o r t  i n  d e t a i l  
ev e ry  p e d i g r e e  e n c o u n t e r e d .  An o p h th a lm ic  c l i n i c
would n e v e r  f i n i s h  i f  th e  h e r e d i t y  o f  each  r e f r a c t i v e  
e r r o r  was i n v e s t i g a t e d ;  a p a t i e n t  w i t h  L e b e r ’s d i s e a s e  
may a t t e n d  f o r  some months b e f o r e  t h e  c o n d i t i o n  i s  
d i a g n o s e d ,  and so on.
Knowledge c o n c e r n in g  t h e  h e r e d i t y  o f  p l a n t s  and 
a n im a l s  can he o b t a i n e d  bjr d i r e c t  e x p e r i m e n t .  The 
s c i e n c e  o f  g e n e t i c s  i s  e s s e n t i a l l y  an e x p e r i m e n t a l  o ne .
I n  th e  s t u d y  o f  human h e r e d i t y  i n d i r e c t  m ethods  have  to  
h e  employed such  a s  t h e  m a th e m a t i c a l  a n a l y s i s  o f  human 
p o p u l a t i o n s  and t h e  s tu d y  o f  human p e d i g r e e s .  Such
m a t e r i a l  i s  f r e q u e n t l y  f r a g m e n ta r y  and a lw ays  l a b o r i o u s  
t o  c o l l e c t .
Modem g e n e t i c  t h e o r y  i s  a  p a r t i c u l a t e  one and 
assumes t h a t  i n h e r i t a n c e  i s  c o n t r o l l e d  by h e r e d i t a r y  
f a c t o r s  c a l l e d  gen es  which a r e  t r a n s m i t t e d  from one 
g e n e r a t i o n  t o  a n o t h e r .  I t  i s  f a c t o r s  which  a r e
i n h e r i t e d  n o t  c h a r a c t e r s .  The t r a n s m i s s i o n  and
b e h a v i o u r  o f  genes  i s  th e  same i n  man as  i n  o t h e r  
s p e c i e s  a l t h o u g h  c u r i o u s  d i f f e r e n c e s  do o c c u r .  For  
example  every  m e d ic a l  s t u d e n t  l e a r n s  t h a t  h a e m o p h i l i a  
i s  a  s e x - l i n k e d  c o n d i t i o n  which  i s  t r a n s m i t t e d  th ro u g h  
t h e  fem ale  t o  t h e  male and t h a t  t h e r e  a r e  o t h e r  c o n d i t ­
i o n s  which may behave  i n  a s i m i l a r  way. W ith  t h e  excep­
t i o n  o f  t h e  gene r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  the  
y e l l o w  c o a t  c o l o u r  i n  c a t s ,  no s e x - l i n k e d  gene  i s  known 
t o  o c c u r  i n  mammals, a l t h o u g h  e x t e n s i v e  s tu d y  o f  th e  
h e r e d i t y  o f  d o m e s t ic  and l a b o r a t o r y  a n im a ls  h a s  been  
c a r r i e d  o u t  f o r  many y e a r s  (F o rd  1938) .
From i t s  v e ry  n a t u r e  i n v e s t i g a t i o n  o f  t h i s  ty p e  
i s  d e p e n d e n t  upon t h e  work o f  o t h e r s  and t h e  c o - o p e r a t i o n  
o f  o b s e r v e r s  i n  o t h e r  p a r t s  o f  t h e  c o u n t r y .  Twelve
p e d i g r e e s  a r e  i n c l u d e d  i n  t h i s  t h e s i s  ; s i x  o f  them 
have  n o t  been  p u b l i s h e d  b e f o r e  ; f o u r  have been  
worked o u t  by m y s e l f  and have a p p e a re d  i n  v a r i o u s  
p u b l i c a t i o n s  ; two had  been  p u b l i s h e d  p r e v i o u s l y  by 
o t h e r  a u t h o r s  and he.ve b e en  b r o u g h t  up to  d a t e  by 
m y s e l f .
No a t t e m p t  has  b e en  made to  g i v e  a  co m prehens ive  
su r v e y  o f  i n h e r i t e d  eye d i s e a s e .  The a p p ro a c h  i s
t h a t  o f  a c l i n i c a l  o p h t h a l m o l o g i s t  t o  th e  p rob lem s 
p r e s e n t e d  and th e  work i t s e l f  has  r a i s e d  more q u e s t i o n s  
t h a n  can be answ ered .  A c h i l d  i s  b r o u g h t  t o  a
c l i n i c  by a  myopic m o th e r  a n x io u s  f o r  a d v i c e .  U n t i l  
t h e  q u e s t i o n  i s  i n v e s t i g a t e d  th e  typ e  o f  i n h e r i t a n c e  
o f  myopia i s  unknown i n  r e l a t i o n  to  a  g i v e n  f a m i l y .
I t  may a p p e a r  t o  be due to  t h e  a c t i o n  o f  dom inan t ,  
r e c e s s i v e  o r  s e x - l i n k e d  f a c t o r s  ; i t  may be  a s s o c i a t e d  
w i t h  n i g h t - b l i n d n e s s ,  a  h i g h  i n c i d e n c e  o f  d e tach m en t  o f  
t h e  r e t i n a  and so on.
I m p l i c i t  i n  a  g r e a t  d e a l  o f  t e a c h i n g  t o  s t u d e n t s  
and  i f  i n s t r u c t i o n  t a  p a t i e n t s  i s  t h e  i m p r e s s i o n  t h a t
5myopia  can  "be c o n t r o l l e d  "by e n v i r o n m e n t a l  f a c t o r s  
s u c h  a s  n u t r i t i o n ,  u se  o f  t h e  eyes  and t h e  w e a r in g  
o f  g l a s s e s .  Most c l i n i c i a n s  would a g r e e  t h a t
a n  u n d e r - n o u r i s h e d  c h i l d  o f  myopic s t o c k  l i v i n g  i n  
p o o r  c o n d i t i o n s ,  i s  more l i k e l y  to  d e v e lo p  t h e  
s e c o n d a r y  e f f e c t s  o f  myopia t h a n  a h e a l t h y  c h i l d  
l i v i n g  i n  good c o n d i t i o n s .  B u t  th e  r e l a t i o n s h i p
o f  n a t u r e  and n u r t u r e  w i t h  r e g a r d  t o  t h i s  p rob lem  
i s  n o t  c l e a r l y  d e f i n e d .
Knowledge i n c r e a s e s  by  t h e  i n t e r - p l a y  o f  a b s t r a c t
s u b j e c t s  su ch  a s  m athem at ics  and  g e n e t i c s  w i t h  th e
more o b v io u s ly  p r a c t i c a l  s u b j e c t s  su ch  a s  c l i n i c a l
m e d i c i n e .  The c l i n i c i a n  p r o v i d e s  t h e  raw m a t e r i a l
i n  t h e  form o f  c l i n i c a l  h i s t o r i e s  and p e d i g r e e s ,  t h e
g e n t i c i s t  s o r t s  o u t  t h e  s i g n i f i c a n t  d a t a  and th e
s t a t i s t i c i a n  a p p l i e s  t h e  r e f i n e m e n t s  o f  m a t h e m a t i c a l
t e c h n i q u e .  This  was t h e  method by w h ich  t h e  two
form s o f  L e b e r ’s d i s e a s e  were d i f f e r e n t i a t e d  ( B e l l  1 9 2 8 ) .
More r e c e n t l y  c l i n i c i a n s  have  b e en  a sk e d  t o  augment
t h e i r  i n f o r m a t i o n  w i t h  b l o o d  sam ples  f o r  g r o u p in g
p u r p o s e s  and o t h e r  d a t a .  The i n v e s t i g a t i o n  o f
■s
t h e s e  a d d i t i o n a l  f a c t o r s  haV-e two main  o b j e c t s .  One 
i s  t h e  e l i m i n a t i o n  o f  any  q u e s t i o n  o f  e n v iro nm en t
6a f f e c t i n g  t h e  h e r e d i t a r y  a s p e c t  o f  t h e  m a t t e r .  The 
"blood g roup  to  w h ic h  a  p e r s o n  may b e lo n g  i s  g u i t e  
i n d e p e n d a n t  o f  h i s  n u r t u r e  and  h i s  s o c i a l  s u r r o u n d i n g s ,  
"but i s  r e l a t e d  to  t h e  t r i b e  o r  n a t i o n  t o  w h ic h  he 
may b e l o n g .
The second  o b j e c t  i s  t h e  p o s s i b i l i t y  o f  
e s t a b l i s h i n g  g e n e t i c  l i n k a g e  r e l a t i o n s h i p s  f o r  b o t h  
n o rm a l  and p a t h o l o g i c a l  h e r e d i t a r y  f a c t o r s  i n  a  g i v e n  
p e d i g r e e .  The t h e o r e t i c a l  p o s s i b i l i t y  o f
e s t a b l i s h i n g  such  l i n k a g e  m easurements  i n  man was 
shown by B e r n s t e i n  i n  1 3 ^ 1 .  G e n e t i c  l i n k a g e
i n  man was m easured  f o r  t h e  f i r s t  t im e  by D r . J u l i a  
B e l l  and  P r o f .  J .B .S .H a ld a n e  i n  1937* T h e i r  work 
was b a s e d  upon p e d ig r e e s  i n  which b o t h  h a e m o p h i l i a  
and c o l o u r - b l i n d n e s s  o c c u r r e d  and w i l l  b e  r e f e r r e d  
t o  i n  d e t a i l  i n  t h i s  t h e s i s .  The s i g n i f i c a n c e
i s  t h a t  i f  a  c o l o u r - b l i n d  i n d i v i d u a l  i s  a l s o  a 
h a e m o p h i l i c  i n  a  p e d ig r e e  i n  w h ich  c l o s e  l i n k a g e  
c a n  be  shown, th e n  most  o f  h i s  h a e m o p h i l i c  r e l a t i o n s  
w i l l  a l s o  be  c o l o u r - b l i n d .  C o n v e r se ly  i f  he  i s
c o l o u r - b l i n d  b u t  n o t  a  h a e m o p h i l i c ,  t h e n  most  o f  h i s  
h a e m o p h il ic  r e l a t i o n s  w i l l  n o t  be  c o l o u r - b l i n d .
7I f  s i m i l a r  l i n k a g e  r e l a t i o n s h i p s  were  to  he  found  
i n  o t h e r  c o n n e c t i o n s  p r a c t i c a l  a n sw ers  m ig h t  he  
g i v e n  t o  t h e  q u e s t i o n s  o f  o u r  p a t i e n t s .  F o r  example
t h e  myopic m o th e r  who b r i n g s  h e r  c h i l d  f o r  a d v i c e  as 
t o  t h e  p r o h a h i l i t y  o f  h i s  d e v e l o p in g  myopia  m ig h t  
h a v e  h e r  f e a r s  a l l a y e d  i f  i t  c o u ld  he  shown t h a t  i n  
t h a t  p a r t i c u l a r  f a m i ly  t h e  p r e s e n c e  o f  myopia  was 
l i n k e d  w i t h  a  n o n - p a t h o l o g i c a l  f a c t o r .  I f  t h e
c h i l d  c o u ld  be shown n o t  t o  c a r r y  t h i s  f a c t o r  t h e n  
t h e  p r o h a h i l i t y  would he  t h a t  myopia  would  n o t  
d e v e lo p .
Modern g e n e t i c  t h e o r y  i s  b a s e d  upon complex 
m a t h e m a t i c a l  p r o b a b i l i t i e s  on th e  one hand  and t h e  
chromosome t h e o r y  on t h e  o t h e r .  No a t t e m p t  h a s  
been  made i n  t h i s  t h e s i s  to  summarise t h e s e  a s p e c t s  
o f  t h e  p rob lem .  Ophthalmology h a s  g o t  r e l a t i o n s
w i t h  many b r a n c h e s  o f  s c i e n c e  o f  which  th e  c l i n i c i a n  
h a s  o n ly  g o t  a  s u p e r f i c i a l  know ledge .  I t  i s
p o s s i b l e  to  d i s c u s s  q u e s t i o n s  r e l a t i n g  t o  g laucoma 
w i t h o u t  e n t e r i n g  i n t o  t h e  t e c h n i c a l  d e t a i l s  o f  t h e  
therm odynam ica l  b a l a n c e  c a l l e d  t h e  Donnan e q u i v a l e n t ,  
and  i t  i s  hoped to  d i s c u s s  c e r t a i n  a s p e c t s  o f  g e n e t i c  
l i n k a g e  w i t h o u t  c r i t i c a l  knowledge o f  B e r n s t e i n ’ s 
fo rm u la e  o r  u n d e r s t a n d i n g  o f  such  te rm s  u se d  by
8c y t o l o g i s t s  a s  p r e h e t e r o k i n e s i s  and  p o s t a c r o s y n d e s i s .
Many deve lo pm en ts  have  t a k e n  p l a c e  s i n c e  th e  
c l e a r  c o ld  e v e n in g  i n  F e b r u a r y  1865 d e s c r i b e d  by 
l i t i s  when s e v e r a l  men were w a lk in g  a lo n g  t h e  
Jo h a n n e s g a s se  i n  Brtinn (Brno)  tow ards  t h e  Modem 
S c h o o l .  One o f  t h e s e  men v/as P a t e r  G re g o r  Johann
Mendel o f  t h e  A l tb r t in n  M onas te ry  o f  S t .Thomas and he  
was g o in g  to  a d d r e s s  th e  BrtLnn N a t u r a l  H i s t o r y  S o c i e t y  
on h i s  "E x p e r im e n ts  i n  P l a n t  H y b r i d i s a t i o n " .  There 
were  f o r t y  members p r e s e n t  a t  t h e  m e e t in g  and th e  
p a p e r  was p u b l i s h e d  i n  t h e  T r a n s a c t i o n s  o f  t h e  S o c i e t y .
The im p o r ta n c e  o f  t h i s  p i o n e e r  work was n o t  
r e a l i s e d  u n t i l  1900 when t h e  w e l l  known r e - d i s c o v e r y  
o f  Mendel1s work was made s i x t e e n  y e a r s  a f t e r  h i s  
d e a t h .
" I  had  lo n g  t r i e d  t o  g a i n  some i n s i g h t  i n t o  then  
r e l a t i v e  powers o f  Na tu re  a n d  N u r t u r e , i n  o r d e r  
t h a t  due a l l o w a n c e  m igh t  be  made f o r  E n v iro n m en t ,  
n e i t h e r  to o  much n o r  to o  l i t t l e ,  b u t  w i t h o u t  
f i n d i n g  a n  a d e q u a te  method o f  o b t a i n i n g  i t . "
F r a n c i s  G a l to n  ( 1 8 2 2 - 1 9 1 1 ) .
P ar t  I .
S e c t i o n  I . 
M yopia .
" P r o g r e s s i v e  s h o r t  s i g h t  i s  i n  ev e ry  c a s e  ominous 
o f  e v i l  f o r  t h e  f u t u r e "  (P o n d e rs  1 8 6 4 ) .  T h is  
s e n t e n c e  a p p e a r s  on t h e  t i t l e  page o f  t h e  famous 
h o o k  on t h e  Hygiene  o f  t h e  Eye w r i t t e n  by Hermann 
Cohn. He i n v e s t i g a t e d  10 ,0 60  s c h o o l  c h i l d r e n
i n  B r e s l a u  and d i s t r i c t  and h i s  work formed t h e  b a s i s  
o f  t h e  modern s y s t e m a t i c  eye s i g h t  t e s t i n g  i n  s c h o o l s .  
This  work was p u b l i s h e d  i n  1867 and i t  i n f l u e n c e s  
c l i n i c a l  ophtha lm ology  t o  t h i s  d a y .  He h e l d
t h a t  myopia a r o s e  as  a  r e s u l t  o f  p r o lo n g e d  c l o s e  
work and t h a t  th e  s c h o o l s  were p r i m a r i l y  r e s p o n s i b l e  
f o r  t h i s .  He showed how myopia d i d  n o t  a p p e a r
u n t i l  th e  c h i l d r e n  had b e en  a t  s c h o o l  f o r  some 
t im e  and t h a t  i t  i n c r e a s e d  a s  th e y  grew o l d e r .  He 
r e g a r d e d  myopia as  th e  r e s u l t  o f  en v i ro n m en t  and 
a l t h o u g h  he d e v o te d  a c h a p t e r  o f  h i s  book to  th e  
i n f l u e n c e  o f  h e r e d i t y , , h i s  c o n c l u s i o n  was t h a t  
t h e  q u e s t i o n  o f  t h e  h e r e d i t y  o f  myopia was n o t  
y e t  d e c id e d ;  t h a t  th e  t r a n s m i s s i o n  o f  th e  
ten d e n cy  t o  myopia was a t  l e a s t  h i g h l y  p r o b a b l e ,  
b u t  t h a t  i n  v e ry  many c a s e s ,  w i t h o u t  any h e r e d i t a r y
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p r e d i s p o s i t i o n ,  myopia  was d e v e lo p e d  from o t h e r  c a u s e s .  
I t  i s  p r o b a b l e  t h a t  myopia i n v o l v e s  b o t h  h e r e d i t y  
and e n v i ro n m e n t .  T h is  may be  e x p r e s s e d  i n  t h e  form
o f  a t a b l e  ;  -
C h i ld  A Good H e r e d i t y  Good Env ironm ent  Emmetropia .
C h i ld  B Bad H e r e d i t y  Good E nv ironm en t  Low Myopia,
C h i ld  C Good H e r e d i t y  Bad Environm ent  Low Myopia ,
C h i ld  D Bad H e r e d i t y  Bad Environm ent  High Myopia,
The d i f f e r e n c e  be tw een  c h i l d  A and c h i l d  B in  
assumed to  be a g e n e t i c  one ; t h a t  b e tw ee n  c h i l d  A 
and  c h i l d  C a n  e n v i ro n m e n ta l  o n e .  A l l  fo rm s o f
t r e a t m e n t  a r e  d e s ig n e d  t o  b r i n g  c h i l d r e n  C and  T) i n t o  
t h e  A -  B g r o u p .  C l i n i c a l l y  i t  i s  f r e q u e n t l y
assumed t h a t  c h i l d r e n  su c h  a s  B and 7) have t h e  same 
chances  a s  A and C i n  th e  s t r u g g l e  a g a i n s t  e n v i r o n m e n ta l  
f a c t o r s  and  t h a t  a l l  we n e ed  do i s  t o  g i v e  them " e q u a l  
c h an c es"a n d  a l l  w i l l  b e  w e l l .  I t  i s  becom ing  more
Widely:- '  r e a l i s e d  t h a t  B and T) a r e  d e s t i n e d  to  become 
myopic from t h e  s t a r t .  I n  a l l  such c a s e s  t h e  t ime
s p e n t  on e n q u i ry  i n t o  th e  f a m i ly  h i s t o r y  may b e  o f  g r e a t  
p r a c t i c a l  v a l u e ,  A boy w i th  a low h y p e rm e t r o p ic
r e s e r v e  and a f a m i ly  h i s t o r y  su ch  a s  i s  shown i n  
P e d i g r e e  C har t  A would be  i l l  a d v i s e d  t o  d e c id e  to  go to  
s e a  b e c a u s e  i n  t h e  e a r l y  t w e n t i e s  he might  b e  u n a b le  
t o  r e a c h  Board o f  Trade v i s u a l  s t a n d a r d s .  This
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o p i n i o n  would "be b a s e d  upon h i s  h e r e d i t y  and n o t  upon 
h i s  e n v i r o n m e n ta l  c o n d i t i o n s .  The Annual  R e p o r t
on t h e  M e d ica l  I n s p e c t i o n  o f  S c h o o l  C h i l d r e n  p u b l i s h e d  
by t h e  C o r p o r a t i o n  o f  Glasgow f o r  t h e  y e a r  e n d in g  J u l y  193^ 
c o n t a i n s  a n  i n s t r u c t i v e  t a b l e  i n  Appendix  IV .  A p o r t i o n
o f  i t  i s  r e p r o d u c e d  b e low .
t
Age H e ig h t  W eight V i s u a l  A c u i ty
Y r s . Mhs. I n s .  l b s . Good F a i r  Bad
2 H igh  Schoo ls 13 7 .9  61 .2  97 .5 7 7 . 2  1 0 . 2  1 2 . 6  *
O th e r  Glasgow 
S c h o o ls
13 5 .3  5 7 .4  8 3 . 7 7 7 .6  1 4 .8  7 . 5  *
From t h i s  i t  i s  seen  t h a t  t h e  High S c h o o l  boys 
a r e  on t h e  e v e ra g e  3*6  i n c h e s  t a l l e r  and I 3 . 8  pounds 
h e a v i e r  t h a n  t h e i r  n o n - f e e  p a y in g  c o n t e m p o r a r i e s .  The 
i n c i d e n c e  o f  "Good" v i s i o n  e x p r e s s e d  a s  a  p e r c e n t a g e  i s  
p r a c t i c a l l y  t h e  same i n  b o t h  g ro u p s ,  w h i l s t  more boys 
a r e  r e p o r t e d  t o  have "Bad" v i o i o n  i n  t h e  f e e  p a y in g  s c h o o l s .  
These f i g u r e s  m ight  s u g g e s t  t h a t  a s  t h e  e nv iro n m en t  a t  home 
o f  t h e  High School  boys i s  b e t t e r  t h a n  t h a t  o f  t h e  p o o r e r  
c h i l d r e n  t h e  a d d i t i o n a l  h e i g h t  and w e i g h t  i s  t h u s  a cc o u n te d  
f o r  and t h a t  v i s i o n  d e v e lo p ed  i n d e p e n d e n t l y  o f  t h e '  
e n v i ro n m e n t .  On t h e  o t h e r  hand i t  i s  q u i t e  p o s s i b l e  
t h a t  i n  a n  i n d u s t r i a l  a r e a  th e  d i f f e r e n c e  might
n"be e n t i r e l y  due t o  s e l e c t i v e  f a c t o r s  a t  work i n  t h e  
p o p u l a t i o n .  The l a r g e r  and  h e a v i e r  i n d i v i d u a l s
t e n d i n g  to  o b t a i n  more r e s p o n s i b l e  p o s i t i o n s  and 
so " g e t  on” i n  t h e i r  w o r ld ,  a s s i s t e d  by t h e  und o ub ted  
a d v a n ta g e  o f  a low d e g re e  o f  myopia f o r  s t u d i o u s  
p u r p o s e s ,  w i t h  t h e  r e s u l t  t h a t  t h e i r  c h i l d r e n  co u ld  
b e  s e n t  t o  f e e - p a y i n g  s c h o o l s .  That  su ch  a  s u g g e s t i o n
i s  n o t  e n t i r e l y  f a n c i f u l  may be s e e n  from t h e  s t u d y  
made by  W allace  and T ra v e rs  (1937) upon a g roup  o f  
s p e c i a l i t y  s a le sm e n .  This  s tu d y  was s i m i l a r  to
o t h e r s  c a r r i e d  o u t  i n  America where  i t  was fo u n d  t h a t  
t h e  more a g r e s s i v e  and s e l f - a s s u r e d  t y p e  o f  i n d i v i d u a l  
te n d e d  t o  g e t  on and t h a t  employers  were  i n c l i n e d  to  
promote  t h e  t a l l e r  and h e a v i e r  i n d i v i d u a l s .
The Glasgow f i g u r e s  m ight  be t a k e n  a s  e v id e n c e  i n  
f a v o u r  o f  t h e  view t h a t  r e f r a c t i v e  e r r o r s  a r e  e n t i r e l y  
u n d e r  g e n e t i c  c o n t r o l  and a r e  u n a f f e c t e d  by e n v i ro n m e n t .
I t  i s  d o u b t f u l  i f  any o p h t h a l m o l o g i s t  would s u b s c r i b e  to  
t h i s  e x t rem e  view b e c a u se  o f  t h e  known s e q u e l a e  o f  h i g h  
myopia .  I t  i s  o bv ious  t h a t  a n  eye l i a b l e  t o  t h e
se co n d a ry  changes  o f  myopia i s  i n  a  much worse  p o s i t i o n  
t o  r e s i s t  su ch  changes i f  t h e  e n v i ro n m en t  i s  b a d .  Bad
en v i ro n m en t  i n c l u d e s  more t h a n  u n d e r  n o u r i s h m e n t .  Myopic
boys w i t h  a t h l e t i c  a m b i t io n s  f r e q u e n t l y  t a k e  t o  s p o r t s  
such  a s  swimming, r u n n i n g ,  b o x in g  and f e n c i n g  r a t h e r  t h a n
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games w h ich  i n v o lv e  moving o b j e c t s  a t  a  d i s t a n c e  su c h  as  
c r i c k e t  and t e n n i s .  The b o x in g  r i n g  i s  a  bad
en v i ro n m en t  f o r  a  myopic e y e .  I t  i s  q u i t e  p o s s i b l e
t h a t  a s  i n  t h e  c a se  o f  c r e t i n i s m ,  we have  a  s p o r a d i c  and 
endemic form o f  myopia o v e r  and above t h e  d i v i s i o n  
s u g g e s t e d  by some o b s e r v e r s  o f  a  p h y s i o l o g i c a l  and  a 
p a t h o l o g i c a l  form.
T ab le  I  i s  t a k e n  from C ohn 's  f i g u r e s  and  i n  t h e  
l i g h t  o f  knowledge n o t  a v a i l a b l e  a t  t h e  t im e ,  th e y  a r e  
o f  g r e a t  i n t e r e s t .  They show t h a t  myopia  does n o t
a p p e a r  u n t i l  a d o l e s c e n c e  t o  any g r e a t  e x t e n t .  Cohn 
and h i s  f o l l o w e r s  a t t r i b u t e d  t h i s  to  t h e  e v i l  e f f e c t s  o f  
c l o s e  w ork .  I f  myopia i s  a t t r i b u t a b l e  to  r e c e s s i v e  
h e r e d i t a r y  f a c t o r s  which a r e  w i d e - s p r e a d  i n  t h e  p o p u l a t i o n  
t h e  t h e o r e t i c a l  i n c i d e n c e  would be  25 ^  . The f a c t  
t h a t  myopia  may n o t  a p p e a r  u n t i l  t h e  se co n d  decade  does 
n o t  i n v a l i d a t e  t h i s .  For  example H u n t i n g t o n ' s  c h o rea
i s  u n d o u b te d ly  due to  h e r e d i t a r y  f a c t o r s  and  t h e  a v e r a g e  
age  o f  o n s e t  i s  3 5 .5  y e a r s  ( B e l l  1939)*  I *1 two
gymnasia  i n v e s t i g a t e d  by Cohn th e  i n c i d e n c e  o f  26 ,2  i s  
h i g h l y  s i g n i f i c a n t .
These c l a s s i c a l  i n v e s t i g a t i o n s  were  f o l lo w e d  by 
s i m i l a r  s t u d i e s  a l l  o v e r  t h e  w o r l d .  I n  l 8 p>5 R a n d a l l  
c o l l e c t e d  t h e  p u b l i s h e d  r e c o r d s  o f  146 ,522  e x a m in a t io n s  
o f  s c h o o l  c h i l d r e n .  The r e s u l t  o f  t h e s e
a c c u m u la te d  s t a t i s t i c s  was t o  p ro v e  t h a t  a y o p i a
Table I .
P e r c e n ta g e  
o f  
M yopia ,
F iv e  V i l l a g e  S c h o o ls  1,4-
Twenty E lem en ta ry  S c h o o ls  6 ,7
Two H ig h e r  G i r l ’ s S c h o o ls  7 , 7
Two I n t e r m e d i a t e  S c h o o ls  1 0 ,3
Two ’R e a l s c h u le n 1 1 9 ,7
Two Gymnasia 2 6 ,2
I 0 ,o 6 o  C h i ld r e n ,  1004- w i t h  Myopia -  9 . 9f>
waa r a r e  i n  i n f a n c y ,  se ldom p r e s e n t  a t  t h e  b e g i n n i n g  
o f  s c h o o l  l i f e ,  and t h a t  a s  e d u c a t i o n  a d v an c ed  t h e r e  
was a  d im in u t io n  o f  h y p e r m e t r o p i a  and an  i n c r e a s e  o f  
m yop ia .  A l l  t h i s  work l e d  to  v e ry  g r e a t  improvements  
i n  s c h o o l  d e s i g n .  B u i l d i n g s ,  o e h o o l - r o o m s , d e s k s ,
b o o k s ,  and  l i g h t i n g  were a l l  improved and t h e r e  can 
b e  l i t t l e  doub t  t h a t  even i f  ' s c h o o l  m y o p ia '  i e  n o t  a 
d i s e a s e ,  i t  h a s  s e r v e d  a  v e ry  u s e f u l  p u r p o s e .
P o n d e r s '  o p in io n  was t h a t  " In  f a c t  t h e  p r e d i s p o s i t i o n  
i s  a lm o s t  i n v a r i a b l y  c o n g e n i t a l ,  and  i n  t h a t  c a se  i t  i s ,  
m oreo v e r ,  n e a r l y  alv/ays h e r e d i t a r y .  B e e r ,  Jf tnken,
BShm, von Ha3n e r ,  and many o t h e r s ,  have  r e f e r r e d  to  
i t s  h e r e d i t a r y  n a t u r e ;  X b e l i e v e ,  e v en ,  t h a t  from 
t im e  immemorial  th e  c o n v i c t i o n  t h e r e o f  h a s  been  g e n e r a l  
among t h e  p e o p le .  At l e a s t ,  a t  p r e s e n t  t h e  p a t i e n t s
a r e  accus tom ed  a t  once t o  s t a t e ,  t h a t  t h e i r  f a t h e r  o r  
m o the r  was n e a r - s i g h t e d ,  and t h a t  t h e  same c o n d i t i o n  
was fo u n d  among b r o t h e r s  and  s i s t e r s ,  X c a n n o t ,
w i t h  any a c c u r a c y ,  g i v e  t h e  p r o p o r t i o n  i n  which 
h e r e d i t a r y  c a s e s  o c c u r ;  b u t  t h i s  I  may s a y ,  t h a t  where 
I  found  n e a r - s i g h t e d n e s s  i n  or.e o r  more o f  t h e  c h i l d r e n , 
and  had  am o p p o r t u n i t y  o f  exam in ing  b o t h  p a r e n t ? ,  1 o n ly  
e x c e p t i o n a l l y  saw M w ho l ly  w a n t in g  i n  b o t h ,  w h i l e  on  t h e  
o t h e r  hand ,  when one and e q u a l l y  when b o t h  p a r e n t ?  were 
myopic ,  th e  p r e d i s p o s i t i o n  a lm o s t  a lways p a s s e d  on,
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a t  l e a s t  t o  3ome o f  t h e  c h i l d r e n  p e r h a p s  more e s p e c i a l l y  
t o  t h e  y o u n g e r  ( v . A r t h a ) .  E x p e r ie n c e  shows f u r t h e r ,  
t h a t  where o h ly  a  t r a c e  o f  M. i s  p r e s e n t  i n  y o u t h ,  i t  
i n e v i t a b l y  becomes f u r t h e r  d e v e l o p e d ,  end t h a t  t h e  
g r e a t e s t  c a r e  l e a d s  to  n o t h i n g  more th a n  l i m i t a t i o n  
o f  t h e  d e g r e e . "
The i d e a  o f  a h e r e d i t a r y  p r e d i s p o s i t i o n  was a l s o  
h e l d  by v . A r l t  who w r o te  in. 1876 , " S h o r t  s i g h t  i t s e l f  
c a n n o t  be  lo o k e d  upon as  h e r e d i t a r y ,  b u t  on ly  t h e  
t e n d e n c y  t o  s h o r t  s i g h t . "
F o r  n e a r l y  f i f t y  y e a r s  t h e  m a t t e r  r em ained  a s  
i t  was u n t i l  1913, when Adolph S t e i g e r  o f  Z u r ic h  
p u b l i s h e d  h i s  b ook ,  "Die Bnstehung d e r  sp h f t r i s c h e n  
R e f r a k t i o n e n  des  A uges" .  S t e i g e r  b r o u g h t  fo r w a r d  
t h e  v iew  t h a t  e r r o r s  o f  r e f r a c t i o n  ma,y be c o n s i d e r e d  
a s  h e r e d i t a r y  b i o l o g i c a l  v a r i a t i o n s ,  which may be 
f i t t e d  i n t o  a b i n o m i a l  f r e q u e n c y  c u r v e .  H is  v iew 
s t a t e d  b r i e f l y  was, t h a t  j u s t  a s  t h e r e  a r e  t a l l  and 
s h o r t  i n d i v i d u a l s ,  t h e r e  a r e  lo n g  end s h o r t  e y e s :  
t h a t  th e  r e f r a c t i o n  depends on t h r e e  v a r i a b l e s ,  th e  
a x i a l  l e n g t h  o f  th e  e y e ,  th e  d i o p t r i c  power o f  th e  
c o rn e a  and o f  t h e  l e n s ;  and t h a t ,  i f  t h e s e  a r e  t h r e e  
v a r i a b l e s ,  r e f r a c t i o n  c u r v e s  sh o u ld  f i t  a  t h e o r e t i c a l l y  
d e r i v e d  b i n o m i a l  c u rv e .  AS o r i g i n a l l y  s t a t e d  h i s
v iew s  a r e  u n t e n a b l e ,  b u t  have  l e d  t o  a r e c o n s i d e r a t i o n
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o f  t h e  whole m a t t e r .  "The r e o r i e n t a t i o n  t h a t  has
o c c u r r e d  o f  l a t e  y e a r s  w i t h  i t s  change o f  em phas is  
from t h e  m e c h a n i s t i c  t o  t h e  " b i o lo g i c a l  a p p r o a c h ,  h a s  
e v o lv e d  a  method o f  s tu d y  r a t h e r  t h a n  a  s o l u t i o n  o f  
t h e  problem o f  m yop ia" .  ( S o r s b y  1 9 3 8 ) .
The d i f f i c u l t i e s  o f  S t e i g e r ' s  v iew s  may be 
i l l u s t r a t e d  by t h e  r e f r a c t i o n  po lygon shown i n  F i g , I .
T h is  i s  b a s e d  upon my e x a m in a t io n  o f  704 p a t i e n t s ,  
b e tw ee n  t h e  a g es  o f  4 0 -6 0 .  The two m e r i d i a n s  o f  
e a c h  eye were  p l o t t e d  s e p a r a t e l y  a s  s u g g e s t e d  by 
D uns tan  ( 1 9 3 4 ) .  The f i g u r e s  a r e  d e r i v e d  from 341
p r i v a t e  p a t i e n t s  r e f r a c t e d  i n  t h e  o r d i n a r y  manner  and 
363 i n s u r e d  p a t i e n t s  r e f r a c t e d  by means o f  W righ t  
Thomson's  s k i a s c o p e .  Both  s e t s  were  examined w i t h o u t  
a  m y d r i a t i c  and a s  t h e r e  was a  d o u b t  i n  my mind a b o u t  
t h e  v a l i d i t y  o f  t h e  second  m ethod,  t h i s  was i n v e s t i g a t e d  
and p ro v ed  t o  be s a t i s f a c t o r y  f o r  t h e  p u rp o se  ( R i d d e l l  
4 9 3 9 a ) . The curve  a s  i t  s t a n d s  h a s  no a b s o l u t e
v a l u e  f o r  t h e  r e a s o n s  t h a t  a r e  o p e r a t i v e  a g a i n s t  
a l l  such  i n v e s t i g a t i o n s ,  t h e  m a t e r i a l  i s  n o t  u n s e l e c t e d  
and  t h e  i n v e s t i g a t i o n  was n o t  c a r r i e d  o u t  u n d e r  f u l l  
m y d r i a s i s .  A f r e e  hand b i n o m i a l  cu rve  i s  i n d i c a t e d  by 
a  d o t t e d  l i n e .  This  c u rv e  i l l u s t r a t e s  t h e  two main
o b j e c t i o n s  t o  th e  f u l l  a c c e p t a n c e  o f  S t e i g e r ' s  v iev/s .  
There i s  a peak  a round  2 . 0  and 1 . 0  D. and t h e r e  i s  a 
d e f i n i t e  b i a s  towards  t h e  myopic s i d e  w i t h  an  a c t u a l  r i s e
Figure I . IQ
P e r
C e n t.
3*
32
22
20
12
10
0
6 5 4 . 3 2 I E .  I 2 3 4 . 5  6 -  D i o p t r e s
C on t inuous  L ine  -  R e f r a c t i o n  p o ly g o n  c o n s t r u c t e d  from d a t a  
r e l a t i n g  t o  704 p a t i e n t s .  Each m e r i d i a n  was 
r e c o r d e d !  s e p a r a t e l y  so t h a t  an  i n d i v i d u a l  p a t i e n t  
c o n t r i b u t e d  f o u r  m easu rem en ts ,  making 2 , 8l 6 i n  a l l .  
D o t t e d  L in e  -  F r e e  hand b i n o m i a l  c u rv e .
( H i t h e r t o  u n p u b l i s h e d ) .
a t  t h e  end .  Tahle  I I  show* t h e  f i g u r e s  r e l a t i n g
to  t h e  r e f r a c t i o n  o f  v a r i o u s  age g ro u p s  made by 
d i f f e r e n t  o b s e r v e r s .  I t  i s  m o d i f i e d  from Dunstan
( 193d) and my own f i g u r e s  a r e  a d d e d .  The r e s u l t
o f  t h e  s t u d y  o f  such  c u rv e s  has b e e n  th e  s u g g e s t i o n  
t h a t  t h e r e  i s  a p h y s i o l o g i c a l  and a p a t h o l o g i c a l  
myopia .  This  v iew c an no t  be  h a s t i l y  r e j e c t e d
and more c a r e f u l  s t u d y  o f  th e  h e r e d i t y  o f  myopia 
may th row  more l i g h t  on th e  m a t t e r .  I t  i s  known
f o r  example  t h a t  t h e r e  a r e  myopic p e d i g r e e s  which 
c o n t a i n  more r e t i n a l  de tach m en ts  t h a n  can a r i s e  by 
chance .  Changes i n  ca lc iu m  m etab o l i sm  may a f f e c t
the  myope d e t r i m e n t a l l y  and so on. The c o n s t r u c t i o n
of  r e f r a c t i o n  cu rves  has  fo c u s s e d  a t t e n t i o n  on t h e  two 
p o i n t s  which p r e v e n t  t h e  g e n e r a l  a c c e p t a n c e  of  
S t e i g e r ' s  v i e w s ,  th e  e x c e s s  o f  myopes w i t h  eyes 
showing myopic fundus change and th e  e x c e s s  o f  
r e f r a c t i o n s  a p p ro a c h in g  emraetropia ( S o r s b y  193^)*
I t  i s  n o t  l i k e l y  t h a t  f u r t h e r  p r o g r e s s  w i l l  be 
made by u t i l i s i n g  r o u t i n e  c l i n i c a l  d a t a  f o r  such 
i n v e s t i g a t i o n s  b ecause  o f  th e  s t a t i s t i c a l  d i f f i c u l t i e s  
o f  su ch  s e l e c t e d  m a t e r i a l  (S o rsb y  1937 )* I t  seems 
p o s s i b l e  t h a t  th e  r o u t i n e  r e f r a c t i o n  u n d e r  a t r o p i n ,  o f  
c h i l d r e n  a d m i t t e d  to  a f e v e r  h o s p i t a l  m igh t  p r o v id e  a 
v a l u a b l e  cu rve  which would have a s t a t i s t i c a l  v a l u e .
For t h i s  purpose  t h e  Wright  Thomson s k i a s c o p e  would
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b e  a  s u i t a b l e  method t o  u se  and t h i s  o b j e c t  was i n  
mind when I  e s t a b l i s h e d  i t s  a c c u r a c y .
I f  we assume t h a t  r e f r a c t i v e  e r r o r s  a r e  c o n t r o l l e d  
by  two c o r r e s p o n d i n g  f a c t o r s ,  one dom inan t  (H) and one 
r e c e s s i v e  (m) p r e s e n t  i n  t h e  two members o f  a p a i r  o f  
chrom osomes,a  g e n e t i c i s t  would d e s c r i b e  them an 
a l t e r n a t i v e  f a c t o r s  o r  a l l e l o m o r p h s .  I f  h y p e r m e t r o p i a
i s  c o n t r o l l e d  by  su ch  a n  a l l e l o m o r p h i c  p a i r  o f  g e n e s  HE 
whose members a r e  c a r r i e d  i n  a  p a i r  o f  homologous 
chromosomes and myopia i s  c o n t r o l l e d  by  t h e  a l t e r n a t i v e  
phase  mm o f  t h e  same g e n e s ,  t h e  d iag ram  ( F i g .  2 ) may 
b e  c o n s t r u c t e d .  This  a s su m p t io n  i s  to o  s im p le  to
a c c o u n t  f o r  t h e  d i s t r i b u t i o n  o f  r e f r a c t i v e  e r r o r s ,  b u t  
i t  may b e  u s e d  f o r  i l l u s t r a t i v e  p u r p o s e s .
The members o f  each  p a i r  w i l l  s e g r e g a t e  i n  th e  
s e p a r a t i n g  chromosomes d u r i n g  t h e  f o r m a t i o n  o f  g a m e te s .
Thus HH i n d i v i d u a l s  mated w i t h  s i m i l a r l y  c o n s t i t u t e d  
p e r s o n s  c o u ld  on ly  have h y p e rm e t ro p ic  c h i l d r e n .  S i m i l a r l y  
mm i n d i v i d u a l s  co u ld  o n ly  p roduce  myopic c h i l d r e n .  Such 
u n i o n s  a r e  c a l l e d  homozygous and t h e  i n d i v i d u a l s  fo rm ing  
su c h  u n io n s  would be  c a l l e d  homozygous i n d i v i d u a l s .
I f  an  HH i n d i v i d u a l  m a r r i e s  a n  mm, t h e n  h e te r o z y g o u s  
o r  mixed i n d i v i d u a l s  w i l l  a r i s e .  I n  such  a  case
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th e  'members o f  a  g i v e n  p a i r  o f  gen es  a r e  d i s s i m i l a r .
I t  i s  a  c o n v e n t io n  to  d e s c r i b e  t h e  dominant  member o f  
s u c h  p a i r s  w i t h  a c a p i t a l  l e t t e r  and t h e  r e c e s s i v e  
one w i t h  a  lo w e r  c a se  l e t t e r .  A dominant  f a c t o r  
i s  one which  i s  f u l l y  e v o r e s s e d  b o t h  i n  th e  homozygous 
and h e t e r o z y g o u s  fo rm .  A r e c e s s i v e  o n ly  a p p e a r s  when
t h e  gen es  p r o d u c in g  i t  a r e  homozygous; i t s  p r e s e n c e  i n  
t h e  h e t e r o z y g o u s  form i s  masked.
Thus i t  f o l lo w s  t h ^ t  a t  p r e s e n t  i n  human communities  
i t  i s  n o t  p o s s i b l e  t o  t e l l  by c l i n i c a l  methods w h e th e r  an 
i n d i v i d u a l  i s  homozygous o r  h e t e r o z y g o u s  f o r  a dominant  
c o n d i t i o n .  I f  the  r e c e s s i v e  a l t e r n a t i v e  i s  wide
s p r e a d  i n  t h e  community we may assume t h a t  t h e  m a j o r i t y  
o f  p a r e n t s  a r e  h e t e r o z y g o u s .  This  problem does n o t
a r i s e  i n  p l a n t s  o r  i n  a n im a l s  to  th e  same e x t e n t ,  b e c a u se  
i t  i s  p o s s i b l e  to  b a c k - c r o s s  to  th e  p a r e n t  s t o c k  and so 
i d e n t i f y  th e  P i e t e r o z y g o t e s .
The c h a r a c t e r  deve lop ed  by a zygo te  i s  i t s  
p h e n o ty p e ,  w h i l s t  i t s  a c t u a l  c o n s t i t u t i o n  i s  c a l l e d  i t s  
g e n o ty p e .  Thus i n  th e  i l l u s t r a t i o n , ,  two z y g o te s
HH and Hm w i l l  b o t h  m a n i f e s t  th e  dominant  f a c t o r  o f  
h y p e r m e t r o p i a  and a l t h o u g h  th ey  would be  p h e n o t y p l c a l l y  
s i m i l a r  t h e  g e n o typ es  would be d i f f e r e n t .  I n  th e  
c a se  o f  hom ozygotes ,  w h e th e r  dominant  o r  r e c e s s i v e  the
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p h e n o ty p e  and g e n o ty p e  a r e  t h e  same. I n  t h e  diagram 
t h e  F .2  g e n e r a t i o n  show a  p h e n o typ e  r a t i o  o f  3 : T and 
a  g e n o ty p e  r a t i o  o f  I  : 2 : I  .
[The law o f  i n d e p e n d e n t  a s s o r t m e n t  a s s e r t e d  t h a t  
t h e  s e g r e g a t i o n  o f  any one p a i r  o f  a l l e l o m o r p h s  was 
i n d e p e n d e n t  o f  the  s e g r e g a t i o n  o f  any o t h e r  p a i r  and 
t h a t  th e  r a t i o s  a r i s i n g  from th e  a s s o r t m e n t  o f  such  
p a i r s  c o u ld  he  p r e d i c t e d .  I f  two s e t s  o f  c h a r a c t e r s
s e g r e g a t e d  s e p a r a t e l y  i n  a  3 ‘ I  r a t i o ,  i n  c o m b in a t io n  
t h e  r e s u l t i n g  r a t i o  would be  9 : 3 : 3 : 1 • T h is  law 
i s  n o t  u n i v e r s a l l y  t r u e  beca u se  o n ly  t h o s e  a l l e l o m o r p h s  
which  a r e  s i t u a t e d  on d i f f e r e n t  p a i r s  o f  chromosomes 
can  s e g r e g a t e  i n d e p e n d e n t l y .  I n  man t h e r e  a r e  
tw en ty  f o u r  p a i r s  o f  chromosomes and each  must  c a r r y  
many a l l e l o m o r p h i c  p a i r s .  Such p a i r s  w i l l  t e n d
to  s e g r e g a t e  t o g e t h e r  "b ecause  t h e y  a r e  t r a v e l l i n g  
on t h e  same v e h i c l e  and may c o n s e q u e n t ly  be e x p ec te d  
t o  r e a c h  t h e  same d e s t i n a t i o n "  (F o rd  1 9 3 8 ) .
"We now have to  adm it  t h a t  a l l  a n a l y s i s  o f  p o p u l a ­
t i o n s  which  t a k e  i n t o  c o n s i d e r a t i o n  t h e  i n b o r n  d i f f e r ­
ences  o f  i n d i v i d u a l s  depend f o r  t h e i r  r i g o u r  on s t a t i s ­
t i c a l  t r e a t m e n t .  This  i s  t r u e  w h e th e r  t h e  a n a l y s i s  i s
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c a r r i e d  o u t  on th e  p r o g e n i e s  o f  m ende l ian  b r e e d i n g  o r  
o f  d a r w in i a n  s e l e c t i o n ;  f o r  t h e  s t u d y  o f  u n c o n t r o l l e d  
human h e r e d i t y  i t  i s  t h e  key to  th e  whole p ro b lem " .  
( D a r l i n g t o n  1939)*
C om plica ted  s t a t i s t i c a l  methods were  n o t  employed 
by G rego r  Mendel in  h i s  c l a s s i c a l  e x p e r i m e n t s ,  b u t  a f t e r  
t h e  r e - d i s c o v e r y  o f  h i s  work a t  th e  b e g i n n i n g  o f  t h i s  
c e n t u r y  t h e y  were found  t o  be e s s e n t i a l  t o  p r o g r e s s .
At f i r s t  i n v e s t i g a t i o n s  were co n ce rn e d  w i t h  the  
s i g n i f i c a n c e  o f  d e p a r t u r e s  from e x p e c te d  r a t i o s  i n  
t h e  b r e e d i n g  o f  p l a n t s  and  a n im a l s .
When l i n k a g e  r e l a t i o n s h i p s  were d i s c o v e r e d  a  more 
e l a b o r a t e  t r e a t m e n t  became n e c e s s a r y .  Modern
m en d e l i a n  t h e o r y  i s  a p a r t i c u l a t e  one i n  which h e r e d i t a r y  
f a c t o r s  a r e  t r a n s m i t t e d  by g e n e s .  These g en es  a r e
c a r r i e d  i n  th e  chromosomes, and th e  s i m i l e  i n  common use  
i s  t h a t  t h e  genes  may be compared to  i n d i v i d u a l  beads  
upon a  s t r i n g .  C e r t a i n  p o r t i o n s  o f  such  s t r i n g s  t e n d
t o  s t i c k  t o g e t h e r  and b e  t r a n s m i t t e d  t o g e t h e r .  Such
p o r t i o n s  may form a l i n k a g e  group  and f a c t o r s  t r a n s m i t t e d  
t o g e t h e r  a r e  s a i d  to  be l i n k e d .  A f a c t o r  a t  one end 
o f  a s t r i n g  has  l e s s  chance  o f  b e i n g  t r a n s m i t t e d  a lo n g  
w i t h  one i n  t h e  m id d le ,  c o n s e q u e n t ly  a t  th e  d e d u c t io n  
d i v i s i o n  o f  th e  chromosomes which p rec ed e d  t h e  fo r m a t io n  
o f  g a m e te s ,  two such  f a c t o r s  may be  t r a n s m i t t e d  to  one 
o r  o t h e r  gamete by equ a l  chance .  I f  two f a c t o r s  a re
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c l o s e  t o g e t h e r ,  i n d e p e n d e n t  t r a n s m i s s i o n  i s  n o t  a 
m a t t e r  o f  e q u a l  chance  ; t h e r e  i s  a  p r o b a b i l i t y  t h a t  
t h e v  may s t i c k  t o g e t h e r .  They a r e  t h e n  s a i d  t o
b e  l i n k e d  and th e  d e g re e  o f  l i n k a g e  may b e  g i v e n  a 
s t a t i s t i c a l  v a l u e .
An_'example t a k e n  from "The S tudy  o f  H e r e d i t y "  
by  E .B .F o rd  i l l u s t r a t e s  t h i s  p o i n t .  " I n  t h e  s w e e t -
p e a ,  p u r p l e  f l o w e r  c o l o u r  i s  dom inant  t o  r e d ,  and e r e c t  
f l o w e r  shape  i s  dominant  t o  hooded .  I f  we c ro s s
a  p u r p l e  and  e r e c t  f l o w e r e d  s w e e t - p e a , h e t e r o z y g o u s  
f o r  b o t h  p a i r s  o f  gen es  c o n c e rn e d ,  w i t h  a  d o u b le  r e c e s s i v e  
p l a n t  ( h a v i n g  r e d  f lo w e r s  o f  a hooded s h a p e ) ,  we o b t a i n  
f o u r  t y p e s  i n  t h e  F2 g e n e r a t i o n  so p ro d u c e d .  About 
99 p e r c e e n t .  o f  t h e  o f f s p r i n g  a r e  composed o f  t h e  two 
p a r e n t a l  c l a s s e s  i n  e q u a l  num bers ,  and a b o u t  I  p e r  c e n t ,  
a r e  made up o f  t h e  two r e c o m b in a t io n s  b e tw een  them, a l s o  
i n  e q u a l  numbers .  S in c e  t h e  f o u r  ty p e s  a r e  n o t  i n
e q u a l i t y ,  t h o s e  r e p r e s e n t i n g  a n  i n t e r c h a n g e  b e i n c  v e r y  
r a r e ,  i t  i s  c l e a r  t h a t  t h e  genes  c o n t r o l l i n g  t h e s e  
c h a r a c t e r s  a r e  c a r r i e d  i n  t h e  same p a i r  o f  chromosomes.
The e x i s t e n c e , h o w e v e r ,  o f  a few r e d  e r e o t  f l o w e r s  and 
i n  e q u a l  numbers ,  o f  hooded p u r p l e  on es ,  shows t h a t  an  
o c c a s i o n a l  t r a n s f e r e n c e  o f  m a t e r i a l  has  t a k e n  p l a c e
2 fl
b e tw e e n  t h e  p r o d u c t s  o f  t h e  homologous chromosomes,  
a l l o w i n g  a b o u t  one p e r  c e n t ,  o f  c r o s s  i n * - o v e r .
We e x p r e s s  t h i s  f a o t  by  s a y i n g  t h a t  t h e r e  i s  a 
’ c r o s s - o v e r  v a l u e ’ o f  one b e tw een  t h e  genes  i n  q u e s t io n * ?
I f  myopia  was c o n t r o l l e d  by  a  s i n g l e  r e c e s s i v e  
gene t h e n  t h e  r a t i o s  i n d i c a t e d  i n  Fi*r. 2 would be  th e  
e x p e c te d  ones anfl would f i t  i n  w i t h  Cohn’ s f i g u r e s .
There  a r e  many o b j e c t i o n s  t o  t h i s  s im p le  v iew .  M yopia 
i s  n o t  e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  w o r ld  and 
d i f f e r e n t  p o p u l a t i o n s  show d i f f e r e n t  d e g re e s  *the c o rn e a , 
l e n s  and a x i a l  l e n g t h  o f  t h e  eye a r e  t h r e e  v a r i a b l e s  
which a l t e r  i t s  d i o p t r i c  power ; myopia  may d e v e lo p  i n  
d i a b e t i c s  and i n  e l d e r l y  p e op le  from changes  i n  th e  
l e n s  and w i t h o u t  e v id e n c e  o f  o t h e r  change ; h i g h  d e c re e s  
o f  myopia  may e x i s t  w i t h o u t  fund u s  change and w i t h  good 
c e n t r a l  v i s i o n  ; low d e g re e s  o f  myopia a r e  found  w i th  
markdd myopic change j t y p i c a l  ’myopic c r e s c e n t s '  may­
b e  s e e n  o c c a s i o n a l l y  i n  h y p e rm e t r o p ic  eyes  • c e r t a i n  
p e d i g r e e s  may e x h i b i t  v a r y i n g  d e g re e s  o f  ’m a l i g n a n t  
m y o p ia ’ and  so o n .  Thus i t  f o l l o w s  t h a t  t h e  problem
o f  t h e  i n h e r i t a n c e  o f  myopia i s  an  e x t r e m e ly  complex 
one and c a n n o t  be  cove red  by any s im p le  g e n e r a l i s a t i o n .
A l th o u g h  t h e  d iagram  ( F i « .  2T ) i s  t o o  s im p le  
t o  e x p l a i n  t h e  m a t t e r  i t  has  a  v a l u e  i f  we assume th e  
e x i s t e n c e  o f  a  l i n k a g e  group  i n  p l a c e  o f  a  s im p le
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d o m i n a n t - r e c e s s i v e  s i n g l e  gene s u b s t i t u t i o n .  These
s p e c u l a t i o n s  i l l u s t r a t e  th e  i m p o r t a n t - . p o s s i b i l i t i e s  
o f  l i n k a g e  s t u d i e s .
P e d i g r e e s  A'anfl B show t h e  i n h e r i t a n c e  o f  m yopia 
an d  a r e  o f  a  t y p e  f r e q u e n t l y  s e e n  i n  any o p h th a lm ic  
c l i n i c .  P e d i g r e e  A shows an  a p a ren t ly * d o m in a n t*
t r a n s m i s s i o n  o f  a  h i g h  d e g re e  o f  m yopia .  The p a t i e n t s
examined v a r i e d  b e tw ee n  -  1 0 ,0  and  -  1 6 .0  T),
I I . 7) , 1 1 1 , 6  and I V , 8 were n o t  examined b u t  th e  
i n h e r i t a n c e  from I I I . 2 t o  V .I  and 2 o f  a  .high d e g ree  
o f  myopia  w i t h  good c e n t r a l  v i s i o n  was c o n f i r m e d .  Such 
a  p e d i g r e e  i s  o f  c o u rs e  n o t  i n c o m p a t i b l e  w i t h  t h e  view 
t h a t  a l l  t h e  f a c t o r s  conce rned  i n  t h e  i n h e r i t a n c e  o f  
m yop ia  a r e  r e c e s s i v e  o n e s .  I f  I I I .  I  and I V . -^  a r e
assumed t o  b e  h e te ro z y g o u s  i n d i v i d u a l s  no f u r t h e r  
a s s u m p t io n s  n e e d  be  made and t h e  p e d i g r e e  i s  i n  k e e p in g  
w i t h  t h e  v iew  t h a t  myopia i s  c o n t r o l l e d  by r e c e s s i v e  
f a c t o r s .
P e d i g r e e  B c o n t a i n s  o n ly  one a f f e c t e d  i n d i v i d u a l  
w i t h  myopia  o f  -  I I . 0 R t .  and I t .  w i t h  e x c e l l e n t  c e n t r a l  
v i s i o n .  H is  f a t h e r  and m other  a r e  emmetropic and
no o t h e r  member o f  t h e  f a m i ly  i s  known t o  b e  a f f e c t e d .
Th is  f a m i l y  i s  i n  good s o c i a l  c i r c u m s ta n c e s  and the  
b o y  i s  i n  p e r f e c t  h e a l t h .  The myopia was f i r s t
o b s e rv e d  a t  t h e  age o f  e i g h t  and he was tw e lv e  y e a r s
^0
o f  age when he  came u n d e r  my o b s e r v a t i o n  two y e a r s  a g o .  
The myopia  h a s  n o t  p r o g r e s s e d  so f a r .  I n  such  a
c a s e  a s  t h i s  t h e  p a r e n t s  a r e  assumed t o  h e  h e te ro z y g o u s  
f o r  t h e  f a c t o r  o r  f a c t o r s  c o n c e r n e d .  His s i s t e r  
h a s  a  low d e g r e e  o f  h y p e rm e t r o p ic  a s t i g m a t i s m .
A p o s s i b i l i t y  r e g a r d i n g  t h e  o c c u r r e n c e  o f  g rave  
myopia  i s  d e r i v e d  from a  s u g g e s t i o n  made b y  G-rtineberg 
( 1 9 3 8 ) i n  a n o t h e r  c o n n e c t i o n ,  t . h a t ,Tnorm al  o v e r l a p s "  
may b c c u r .  I n  t h e  c a se  o f  myopia t h i s  would imply
t h a t  t h e  p r im a r y  e f f e c t  o f  t h e  gene s u b s t i t u t i o n ' ,  i s  
n o t  t h e  c l i h i c a l  a p p e a ra n c e  o f  myopia  and t h a t  i t  m ight  
n o t  a p p e a r  a s  such  i n  p o r t i o n s  o f  a  p e d i g r e e .  This  
i s  e x p l a i n e d  f u r t h e r  i n  r e l a t i o n  t o  r e t i n i t i s  p igmentosa .
I t  h a s  b e e n  s t a t e d  t h a t  u n c o m p l ic a te d  myopia may 
o c c u r  a s  a  s e x - l i n k e d  c o n d i t i o n ,  b u t  t h i s  must  b e  v e ry  
r a r e  and a c c o r d i n g  to  Waarderiburg ( I 932) r e q u i r e s  
c o n f i r m a t i o n .  S e x - l i n k e d  myopia  a s s o c i a t e d  w i th
n i g h t  b l i n d n e s s  i s  e x t r e m e ly  r a r e  b u t  i s  w e l l  e s t a b l i s h e d  
I  have had  t h e  good f o r t u n e  to  b e  a c q u a i n t e d  w i t h  members 
o f  one su c h  f a m i ly  ( P e d i g r e e  F ) .
There  i s  l i t t l e  doub t  t h a t  s e v e r a l ' ,  h e r e d i t a r y  
f a c t o r s  m ust  be  i n v o l v e d  i n  t h e  i h h e r i t a n c e  o f  r e f r a c t i v e  
e r r o r s  ( i f  t h e y  a r e  ’ e r r o r s 1 a t  a l l )  and t h e  problem i s  
t o  s o r t  them o u t .  The s tu d y  o f  p e d ig r e e s  i s  an
e s s e n t i a l  c o n t r i b u t i o n  t o  t h e  s o l u t i o n  o f  t h e s e  p ro b le m s .
The pendulum has  swung be tw een  t h e  ex trem e views 
o f  Cohn and  o f  S t e i g e r ,  b e tw e e n  n a t u r e  and n u r t u i e ,  
h e r e d i t y  and e n v i ro n m e n t ,  b u t  th e  s e n t e n c e  w i t h  which 
Cohn ended h i s  book i s  s t i l l  a p p o s i t e .  " L e t  th e
s a y i n g  o f  Bonders  n e v e r  b e  f o r g o t t e n  ; TEvery  case  o f  
p r o g r e s s i v e  myopia i s  ominous o f  e v i l  f o r  t h e  f u t u r e * , n
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S e c t i o n  2 .
C o n g e n i t a l  S t a t i o n a r y  f l ig h t  B l i n d n e s s .
This  c o n d i t i o n  i s  an e x t r e m e ly  r a r e  one ,  and only 
t h i r t y - t h r e e  p e d i g r e e s  were found  in  the  l i t e r a t u r e  
by Dr. J u l i a  B e l l  ( 1 9 3 3 ) -  The f a m i l i e s  may be
d i v i d e d  i n t o  two g r o u p s ; one i n  which b o t h  sexes  
a r e  a f f e c t e d ,  and th e  d e f e c t  may be t r a n s m i t t e d  by 
a f f e c t e d  members o f  e i t h e r  s e x ,  o r  i n  some ca se s  
by norm al  members. I n  t h e  second  group  the  
c o n d i t i o n  a f f e c t s  males  o n ly ,  and i s  t r a n s m i t t e d  
by u n a f f e c t e d  f e m a l e s .  I n  a d d i t i o n ,  th e  a f f e c t e d  
m ales  i n  t h e  second  g roup  a r e  f r e q u e n t l y  myopic .
T h is  r a r e  d e f e c t  has  a ro u s e d  w o r ld -w ide  i n t e r e s t  
owing to  t h e  f a c t  t h a t  the  l a r g e s t  human p e d ig r e e  of  
any p a t h o l o g i c a l  c o n d i t i o n  i s  t h a t  o f  Jean  K ou g a re t ,  
a b a k e r  i n  th e  p a r i s h  o f  Vendemian i n  th e  s o u t h  o f  
F r a n c e ,  who was b o rn  abou t  1^37, t h r e e  hundred  y e a r s  
ago ,  and  s u f f e r e d  from i t .  The p e d ig r e e  was f i r s t
p u b l i s h e d  i n  1838 by C un ie r ;  s e v e n t y  y e a r s  l a t e r  the  
h i s t o r y  was b r o u g h t  up to  d a t e  by P r o f .  True and 
M. L 1Abbe Capion, cu re  o f  Vendemian, a t  th e  i n s t i g a t i o n  
o f  Edward N e t t l e s h i p  who examined some o f  th e  cases  
h i m s e l f ,  and  r e - p u b l i s h e d  t h e  g r e a t l y  e n la r g e d  
p e d i g r e e  i n  1907. At t h a t  d a te  ab o u t  two thousand
d e s c e n d a n t s  were known and o n e - h u n d r e d - a n d - t h i r t y - f i v e  
were n i g h t  b l i n d .  The i n h e r i t a n c e  was a lw ays  d i r e c t
and an  u n a f f e c t e d  member n e v e r  handed on the  c o n d i t i o n  
to  a l a t e r  g e n e r a t i o n .  There a r e  g r e a t  d i f f i c u l t i e s
i n  t h e  way o f  i n v e s t i g a t i n g  t h e  p e d ig r e e  f u r t h e r  
b e c a u s e  t h e  f a m i l y  a r e  p e a s a n t s ,  t h e i r  speech  i s  a 
d i a l e c t ,  and some a re  r e l u c t a n t  to  adm it  th e  d e f e c t .
One example  o f  each ty p e  o f  h e r e d i t a r y  s t a t i o n a r y  
n i g h t  b l i n d n e s s  has  come u n d e r  my o b s e r v a t i o n .
P e d i g r e e  C i s  one i n  which th e  t r a n s m i s s i o n  i s  
dom inant  and  n o t  s e x - l i n k e d .  No myopia has been
found  i n  t h e  members examined.  No p a t h o l o g i c a l  
change i s  s e e n  i n  the  fundus  o f  such  p a t i e n t s ,  and 
th e  i n v e s t i g a t i o n  s t i l l  depends t o  a l a r g e  e x t e n t  on 
t h e  f a m i ly  h i s t o r y  which must be ta k e n  w i th  th e  
g r e a t e s t  c a r e .  The example o f  h e r e d i t a r y  s t a t i o n a r y
n i g h t  b l i n d n e s s  a s s o c i a t e d  w i th  myopia , and showing 
s e x - l i n k a g e  i s  d i s c u s s e d  in  S e c t io n
The d e g r e e  o f  s e v e r i t y  v a r i e s  i n  d i f f e r e n t  a ccoun ts  
and i t  i s  q u i t e  p o s s i b l e  t h a t  the  d e f e c t  i s  a g r a d u a t e d  
o ne .  I have  a t t e m p te d  to  examine such  p a t i e n t s  in
v a r y i n g  d e g r e e s  o f  i l l u m i n a t i o n ,  u s in g  s t a n d a r d  cand les  
a t  v a r i o u s  d i s t a n c e s ,  b u t  t h e  r e s u l t  was e q u iv o c a l .
This  p rob lem  o f  a s s e s s i n g  t h e  d e g ree  o f  n i g h t  b l i n d n e s s  
i s  one o f  some im por tance  f o r  two r e a s o n s .
I n  t h e  f i r s t  p l a c e  n i g h t  b l i n d n e s s  may a r i s e  from 
a  l a c k  o f  V itamin  A i n  t h e  d i e t  o r  an  i n a b i l i t y  to 
u t i l i s e  i t .  This  f a c t  i s  now w e l l  known and has  
b e e n  e x p l o i t e d  c o m m e rc ia l ly .  V a r io u s  i n s t r u m e n t s  
a r e  on t h e  m a rk e t  which a r e  supposed  to  d e t e c t  d i f f e r e n c e s  
i n  d a rk  a d a p t a t i o n ,  b u t  i t  i s  d o u b t f u l  i f  s u f f i c i e n t  
a c c u r a t e  knowledge e x i s t s  r e g a r d i n g  t h e  norm al  range  
o f  v a r i a t i o n .  I  h-^ve b e en  on the  lo o k  o u t  f o r  such
c a s e s  f o r  e i g h t  y e a r s  and o n ly  one c - s e  o f  n i g h t  
b l i n d n e s s  h a s  been  seen  ( R i d d e l l  1933)* t h a t
c a s e  th e  boy  was b ro u g h t  to  see  me by h i s  f a t h e r ,  
b e c a u s e  i t  was ob se rved  t h a t  t h e  p a t i e n t  c o u ld  n o t  
s e e  h i s  c l o t h e s  on a d^ rk  w i n t e r  morning and d i d  n o t  
s e e  a t  a p i c t u r e  h o u se ,  a l t h o u g h  h i s  b r o t h e r  co u ld  do 
So .  The o t h e r  a f f e c t e d  i n d i v i d u a l s  whom I  have seen
were e i t h e r  members o f  P e d i g r e e  C o r  s u f f e r e d  from 
r e t i n i t i s  p ig m e n to sa .  I n  my o p i n io n  i t  i s  o f  g r e a t
im p o r t a n c e  t o  have t h e  h i s t o r y  v o l u n t e e r e d .  To ask  
a group  o f  u n d e r - n o u r i s h e d  c h i l d r e n  i f  th ey  can see  i n  
t h e  d a rk  i s  n o t  l i k e l y  to  produce  r e l i a b l e  answ ers .
A t r a i n e d  o p h th a lm ic  s u rg e o n  may have d i f f i c u l t i e s  i n  
t h i s  m a t t e r  and when he depends u ron  a m e d ic a l  i n t e r p r e t e r ,  
a s  happened  i n  th e  i n v e s t i g a t i o n  c a r r i e d  o u t  by P i l l a t  on 
x e r o s i s  c o n j u n c t i v a e , t h e  r e s u l t s  must  be  a c c e p te d  w i th  
g r e a t  r e s e r v e .  I n  t h i s  i n v e s t i g a t i o n  209 Chinese  
s o l d i e r s  were examined and 70 o f  them complained  o f  
n i g h t  b l i n d n e s s .
I n  t h e  se con d  p l a c e ,  n i g h t  b l i n d n e s s  i s  o f  
i m p o r t a n c e  i n  r e l a t i o n  t o  m i l i t a r y  s e r v i c e .  H ec to r  
Gavin w r i t i n g  i n  1 8 4 3 , p o i n t e d  o u t  " t h a t  a t t e n t i o n  
m ust  be p a i d  t o  t h e  c h a r a c t e r ,  h a b i t s  and conduc t  of
th e  i n d i v i d u a l ...................... N ig h t  b l i n d n e s s  i s  a common
d i s e a s e  i n  E g yp t ,  and was f r e q u e n t l y  f e i g n e d  by our 
s o l d i e r s  i n  th e  e x p e d i t i o n  unde r  A b e rc ro m b ie , "  and 
"From t h e  r e t u r n s  i n  th e  Rangoon w ar ,  i n  1 8 2 4 -5 -6 ,  i t  
a p p e a r s  t h a t  n y c t a l o p i a  was v e ry  common. And a l th o u g h
i t  r e a l l y  e x i s t e d  i n  a g r e a t  number,  s t i l l  many succeeded 
i n  f e i g n i n g  i t " .  M i l l a i s  C u lp in  (1933) p o i n t e d  out  
t h a t  i f  n i g h t  b l i n d n e s s  o c c u r r e d  i n  the  p a s t  as  a 
m i l i t a r y  o c c u p a t i o n a l  n e u r o s i s  i t  ought  to  have appea red  
in  t h e  G r e a t  War, b u t  our l i t e r a t u r e  i s  a lm os t  s i l e n t  
a b o u t  i t ,  c o n t i n e n t a l  l i t e r a t u r e ,  on t h e  o t h e r  hand ,  
c o n t a i n e d  a b o u t  f o r t 1' r e f e r e n c e s  on th e  s u b j e c t  d u r in g  
t h a t  p e r i o d .
K a t h e r i n e  Tans ley  (1939) c r i t i c i s e s  th e  g r e a t e r  
p a r t  o f  th e  work done on t h e  r e l a t i o n  between v i t a m in  
d e f i c i e n c y  and n i g h t  b l i n d n e s s ,  v e ry  s e v e r e l y .  She
c o n s i d e r s  t h a t  the  d e p l o r a b l e  s t a t e  o f  a f f a i r s  seems to 
be due to  th e  sudden i n c u r s i o n  o f  c l i n i c i a n s  and v i ta m in  
w o rke rs  i n t o  the  h i g h l y  s p e c i a l i s e d  f i e l d  o f  s u b j e c t i v e  
v i s u a l  r e s e a r c h .  I  ag ree  w i th  t h i s  view o f  t h e  m a t t e r
w i th  r e g a r d  to  th e  n u t r i t i o n a l  c a s e s .  The h e r e d i t a r y
ones a r e  in  a d i f f e r e n t  c a t e g o r y  e n t i r e l y ,  because  th e re
i s  a  f a m i l y  t r a d i t i o n  i n  th e  m a t t e r  which an e x p e r i e n c e d  
i n v e s t i g a t o r  can r e l y  upon .  I t  i s  hoped t h a t  f u r t h e r
e x a m in a t io n  o f  members o f  P e d i g r e e  C may be u n d e r t a k e n .
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R e t i n i t i s  P ig m e n to s a .
R e c e n t  work h a s  s u g g e s t e d  t h a t  R e t i n i t i s  P igm entosa  i s  
b e t t e r  r e g a r d e d  as  a symptom th a n  a s  an e n t i t y  i n  i t s e l f .  
T h is  was s u s p e c t e d  even i n  p r e - o p h th a lm o s c o p ic  t im e s ,  
b e f o r e  t h e  name was g iv e n  to  t h e  c o n d i t i o n  by Ponders .  
M ackenzie  ( 1 8 3 5 ) wro te  i n  t h e  second  e d i t i o n  o f  h i s  t e x t  
book  t h a t  "on d i s s e c t i n g  t h e  eye o f  a d e a f  and dumb p e r s o n ,  
c o n g e n i t a l l y  a f f e c t e d  w i th  n i g h t  b l i n d n e s s ,  numerous b l a c k  
s p o t s  were found  i n  th e  s u b s t a n c e  o f  th e  r e t i n a .  In  
some c a s e s  t h e r e  i s  r e a so n  t o  s u s p e c t  t h a t  th e  p rox im ate  
c a u se  does n o t  a f f e c t  th e  ey e ,  b u t  th e  b r a i n " .  This
p a s s a g e  does n o t  a p pea r  i n  t h e  f i r s t  e d i t i o n  o f  h i s  book 
which  was p u b l i s h e d  i n  1830 .. E ig h teen  y e a r s  l a t e r ,  i n  
1 853 ,  r e t i n i t i s  p igm en tosa  was se en  w i th '  th e  ophthalmoscope 
by van  T r i g t  a t  P o n d e rs ’ c l i n i c  i n  U t r e c h t .  The
a s s o c i a t i o n  o f  r e t i n i t i s  p ig m en to sa  and d e a f n e s s  i n  
c e r t a i n  p e d i g r e e s  a p p e a r s  to  be  a c lo s e  one .  The
o c c a s i o n a l  p r e s e n c e  o f  p o l y d a c t y l y  i n  such f a m i l i e s  has 
a r o u s e d  much i n t e r e s t ,  b u t  i t  was on ly  p r e s e n t  in  f i v e  
p e d i g r e e s  in  t h e  s e r i e s  o f  two hundred  and n i n e t y  seven 
i n c l u d e d  i n  th e  H e t t l e s h i p  Memorial Volume. There a re  
a  number o f  r e p o r t s  c o n c e rn in g  i s o l a t e d  c a s e s .  Haldane
( 193^) has  shown t h a t  i n  c e r t a i n  f a m i l i e s  r e t i n i t i s  
p ig m en tosa  i s  p a r t i a l l y  s e x - l i n k e d .
I n  1938 B ourne ,  Campbell and T ans ley  d e s c r i b e d  a 
p ig m e n ta ry  d e g e n e r a t i o n  o f  th e  r e t i n a  which was found 
i n  a  mixed r a t  co lony  b e l o n g i n g  to  M e s s r s .  Bemax L td .
The c o n d i t i o n  was a s s o c i a t e d  w i t h  c a t a r a c t .  The
f i r s t  change i n  th e  r e t i n a  was th e  d e a t h  o f  t h e  c e l l s  
o f  th e  o u t e r  n u c l e a r  l a y e r  ( t h e  rod  n u c l e i )  and t h i s  
was s e en  a t  a b o u t  t h r e e  weeks o f  a g e .  The rods
d i s i n t e g r a t e d  and th e  v i s u a l  p u r p l e  d i s a p p e a r e d .  By 
tw e lv e  weeks o f  age th e  whole o f  t h e  o u t e r  n u c l e a r  and 
r o d  l a y e r s  had d i s a p p e a r e d  and were r e p l a c e d  by a  ne twork  
o f  g l i a l  f i b r e s .  At t h i s  s t a g e  changes i n  th e  pigment
e p i t h e l i u m  became a p p a r e n t .  I t  became a d h e r e n t  to  the
r e t i n a  and i n  p igm ented  e y e s ,  p igm ent  g r a n u l e s  from the  
p ig m e n t  e p i t h e l i u m  m ig r a te d  i n t o  t h e  r e t i n a  a lo n g  the  
p a t h  made by t h e  b u n d le s  o f  c o n n e c t i v e  t i s s u e  and g l i a l  
f i b r e s .  The p a t h o l o g i c a l  changes  o c c u r r i n g  i n  th e
r e t i n a e  o f  t h e s e  r a t s  b e a r  a s t r i k i n g  r e s em b lan c e  to  the  
ch an g es  which a r e  d e s c r i b e d  i n  r e t i n i t i s  p ig m e n to sa .  
T r e a c h e r  C o l l i n s  (1919) h e ld  t h a t  r e t i n i t i s  p igm en tosa  
was due to  an " a b i o t r o p h y "  o f  t h e  r e t i n a  and t h i s  r a t  
p e d i g r e e  g i v e s  some s u p p o r t  to  t h a t  v iew.
The f i r s t  changes  i n  th e  l e n s  were s e e n  d u r in g  
th e  second  month o f  l i f e ,  b u t  c a t a r a c t  d i d  n o t  deve lop  
d e f i n i t e l y  i n  most  o f  the  a n im a ls  u n t i l  th e  t h i r d  month.
The c o n d i t i o n  t e n d e d  to  he s y m m e t r i c a l ,  h u t  d i f f e r e n c e s  
i n  th e  i n t e n s i t y  be tw een  th e  two s i d e s  were common.
Major a sym m etr ie s  i n  which one eye was h e a v i l y  a f f e c t e d  
and  th e  o t h e r  eye e n t i r e l y  f r e e  d id  o c c u r ,  b u t  were r a r e .  
About d i d  n o t  show any s i g n  o f  c a t a r a c t ,  b u t  some o f  
t h e s e  showed changes  i n  th e  l e n s  s h a g r e e n ,  and o t h e r s  a 
p e r s i s t e n t  h y a l o i d  a r t e r y .
A h i s t o l o g i c a l  s tu d y  o f  th e  eyes  showed t h a t  a l l  
homozygotes  w h e th e r  t h e y  showed c a t a r a c t ,  s h a g r e e n  p r  
p e r s i s t e n t  h y a l o i d  a r t e r y ,  o r  w h e th e r  th ey  were  normal  
o p h t h a l m o s c o p i c a l l y , e x h i b i t e d  t h e  v e ry  c h a r a c t e r i s t i c  
changes  i n  th e  r e t i n a  und e r  th e  m ic ro s c o p e .  They a l l
showed t h e  r e t i n a l  d e g e n e r a t i o n .  On th e  o t h e r  hand,
n o t  a s i n g l e  i n d i v i d u a l  was found  who combined c a t a r a c t ,  
s h a g r e e n ,  o r  th e  h y a l o i d  a r t e r y  w i th  a normal  r e t i n a .
I n  t h e  o p i n i o n  o f  Bourne and Grtlneberg (1939)  t h e r e  was 
no doub t  t h a t  t h e  p r im a ry  h e r e d i t a r y  f a c t o r  b r o u g h t  abou t  
t h e  r e t i n a l  changes  and t h a t  t h e  o t h e r  a n o m a l ie s  were 
s e c o n d a r y .  The p a t h o l o g i c a l  mechanism b e tw een  th e
p r im a r y  and se co n d a ry  e f f e c t s  aj>£ n o t  c l e a r l y  u n d e r s t o o d .  
A p a r t  from th e  eye a n o m a l i e s ,  no p a t h o l o g i c a l  c o n d i t i o n s  
were  se en  i n  th e  a n im a l s .  I n  p a r t i c u l a r  a rough  t e s t
showed t h a t  th e  s e n s e  o f  h e a r i n g  was n o t  i m p a i r e d .
The i n h e r i t a n c e  o f  th e  syndrome was found  t o  be  
s i m p le .  An a f f e c t e d  m ale ,  w i t h  d e g e n e r a t e  r e t i n a  and
c a t a r a c t ,  was o u t - c r o s s e d  to  an u n a f f e c t e d  f e m a le .  S i x t e e n
F . I  ( F i r s t  Hybr id  G e n e r a t io n )  i n d i v i d u a l s  were  normal  
o p h t h a l m o s c o p i e a l l y  and h i s t o l o g i c a l l y .  T h e r e fo r e
th e  c o n d i t i o n  behaved  a s  a r e c e s s i v e  one .  F . I .  f em a le s  
b a c k - c r o s s e d  to  t h e i r  a f f e c t e d  f a t h e r  p roduced  tw e n ty  
two o f f s p r i n g .  E le v e n  o f  t h e s e  dev e lo p ed  l e n s
changes  and one o n ly  showed a  h y a l o i d  rem nant  i n  one 
eye ; t h e y  a l l  had  d e g e n e r a t e  r e t i n a e  .  T h is  i s  
a  v e r y  good a p p ro x im a t io n  t o  t h e  e x p e c te d  I  : I  
r a t i o  from su ch  a b a c k - c r o s s .
H e r e d i t a r y  f a c t o r s  p ro d u c in g  c a t a r a c t  a r e  q u i t e  
common i n  mammals and a r e  o f  c o u rs e  w e l l  known i n  
man. Cases have been  d e s c r i b e d  o f  p e d i g r e e s  i n
h o r s e s ,  c a t t l e ,  dofes o f  v a r i o u s  b r e e d s ,  r a b b i t s ,  r a t s
/S
and  m ic e .  I n  some t h e  i n h e r i t a n c e ^  / ' dominant  i n
be
o t h e r s  i t  i s  r e c e s s i v e ,  b u t  t h e  g ro u p s  t e n d  t o ^ r a t h e r  
m ixed.
R e t i n i t i s  p igm entosa  has  been  d e s c r i b e d  i n  dogs 
w i t h o u t  t h e  o ocu rre n ce cO f  c a t a r a c t  by Magnussen, ( 19H )  
and i n  mice by Cohrs (1933)*  There  i s  a l s o  a
c u r i o u s  c o n d i t i o n  o f  r o d l e s s  r e t i n a  d e s c r i b e d  i n  th e  
mouse by  K e e l e r  ( I 927) t u t  i t  d i f f e r s  f u n d a m e n ta l ly  from 
t h e  r a t s  d e s c r i b e d  by Bourne b e c a u se  t h e  r o d l e s s n e s s  was
p ro d u ce d  by an a r r e s t  o f  d ev e lo pm en t ,  w hereas  im t h e  r a t s  
t h e  r e t i n a  was a t  f i r s t  f u l l y  d i f f e r e n t i a t e d  and t h e n  
un d e rw en t  a d e g e n e r a t i o n  o f  th e  ro d s  and t h e  o u t e r  
n u c l e a r  l a y e r .  They c o n s i d e r  t h e  c o n d i t i o n  i n  th e
r a t s  to  be due t o  a r e c e s s i v e  f a c t o r  which c a u s e s  
d e g e n e r a t i o n  o f  t h e  r e t i n a  a t  t h e  age o f  t h r e e  weeks,  
l a t e r  i n  l i f e  some o f  th e  a n i m a l s ,  b u t  n o t  a l l ,  d eve lop  
changes  i n  th e  l e n s  which may l e a d  to  m atu re  c a t a r a c t .  
They h o l d  t h a t  t h e  c a t a r a c t  depends i n  some way upon th e  
r e t i n a l  d e g e n e r a t i o n  and t h a t  th e  changes  c o r r e s p o n d  
c l o s e l y  to  r e t i n i t i s  p igm en to sa  i n  man.
F u r t h e r  th ey  a re  o f  t h e  o p in io n  t h a t  th e  p r i n c i p l e  
i s  d e m o n s t r a t e d  t h a t  p r im ary  h e r e d i t a r y  f a c t o r  e f f e c t s  
( i n  t h i s  case  the  r e t i n a )  may show a  s t r a i g h t - f o r w a r d  
mode o f  i n h e r i t a n c e ,  whereas  t i e  s e c o n d a ry  e f f e c t s  may 
t e n d  to  e x h i b i t  i r r e g u l a r i t i e s  o f  m a n i f e s t a t i o n .
The p r i n c i p l e  i s  o f  v e ry  g r e a t  c l i n i c a l  i n t e r e s t  
and  im p o r t a n c e .  The l i t e r a t u r e  o f  g e n e t i c s . shows
many examples  o f  i n d i v i d u a l s  who a c c o r d i n g  to  t h e i r  
g e n e t i c  c o n s t i t u t i o n  sh o u ld  show an abnormal c o n d i t i o n  
b u t  f a i l  t o  do s o .  I t  i s  th o u g h t  t h a t  such  "normal
o v e r l a p s "  may be due to  m o d ify in g  f a c t o r s  o r  to  e n v i r o n ­
m en ta l  c o n d i t i o n s .
An example of  t h i s  o c cu rs  i n  a c h o l u r i c  J a u n d ic e  
i n  man where  th e  normal  o v e r l a p s  a r e  now known to  show 
a b n o r m a l i t y .  The c o n d i t i o n  a p p e a r s  to  be due t o  a
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dominant  f a c t o r  w i t h  i r r e g u l a r  m a n i f e s t a t i o n  i n  p e d i g r e e s  
h a s e d  s o l e l y  upon the  f u l l y  deve lop ed  anomaly .  C a r e f u l
i n v e s t i g a t i o n  o f  th e  "norm al"  t r a n s m i t t e r s  h a s  shown t h a t  
t h e y  i n v a r i a b l y  show a  d e c r e a s e d  r e s i s t a n c e  to  h a e m o ly s i s  
and a g l o b u l a r  shape o f  t h e i r  e r y t h r o c y t e s .  P e d i g r e e s  
i n v e s t i g a t e d  f o r  t h e s e  a n o m a l ie s  show a  c l e a r  c u t  dominant  
t r a n s m i s s i o n .
Thus i f  c l a s s i f i c a t i o n  i s  b a se d  upon a se co nd a ry  
e f f e c t  ( t h e  h a e m o ly s i s )  i n s t e a d  o f  on th e  p r im ary  d e f e c t  
( e r y t h r o c y t e s )  i r r e g u l a r  p e d i g r e e s  a r e  fo u n d .  I n  view
o f  such c a s e s  Grttneberg (193'3) has  s u g g e s t e d  t h a t  
i r r e g u l a r i t y  i n  th e  m a n i f e s t a t i o n  o f  h e r e d i t a r y  f a c t o r s  
may be  a c c o u n te d  f o r  by. t h i s  s p u r i o u s  b e h a v i o u r .  I n  
o t h e r  words th e  f e c t o r  m a n i f e s t a t i o n  i s  a lways r e g u l a r  
a s  r e g a r d s  i t s  p r im a ry  e f f e c t ,  and i r r e g u l a r i t i e s  become 
a p p a r e n t  i f  th e  " c h a r a c t e r s "  which a r e  s u b j e c t  to  
m e n d e l i a n  a n a l y s i s  a r e  i n  f a c t  more o r  l e s s  remote  
co n sequ en ces  o f  t h e  p r im a ry  a c t i o n .
The s u g g e s t i o n  c a n n o t  be s t r i c t l y  p roved  b u t  i t  
becomes more l i k e l y  w i t h  every  case  where  t h e  p r i n c i p l e  
i s  shown to  a p p ly .  This  has been  done i n  t h e  ease
o f  a c h o l u r i c  j a u n d ic e  i n  man and i n  t h e  e a se  o f  t h e  r a t  
p e d i g r e e  r e f e r r e d  to  above.
A3
During  t h e  p a s t  t h i r t y  y e a r s  c l i n i c i a n s  have become 
f a m i l i a r  w i t h  c e r t a i n  syndromes o r  g rou ped  c o n d i t i o n s  
which have r e c e i v e d  v a r i o u s  names. An example i s
t h e  Laurenoe-M oon-B ied l  syndrome i n  which r e t i n i t i s  
p ig m e n to s a ,  p o l y d a c t y l y ,  h y p o g e n i t a l i s m ,  m en ta l  d e f i c i e n c y  
and  o b e s i t y  o ccu r  t o g e t h e r .  I n  193^ ^  was shown by 
Cunningham Dax t h a t  i n  r e t i n i t i s  p ig m e n to s a ,  c o n d i t i o n s
o c. f-
o f  p i t u i t a r y  a b n o r m a l i t y ,  o r ,w h e re  t h e  g l a n d  i s  s u b j e c t  
to  p h y s i o l o g i c a l  s t r e s s ,  a m elanophore  d i s p e r s i n g  s u b s t a n c e  
i s  p r e s e n t  i n  th e  b lo o d  and i n  th e  u r i n e  o f  such  p a t i e n t s .  
When i n j e c t e d  i n t o  f r o g s  th e  m elanophores  were d i s p e r s e d  
and i n  c e r t a i n  c a s e s  t h e  f r o g s  t u r n e d  a lm o s t  b l a c k .  I 
co n f i rm ed  t h i s  o b s e r v a t i o n  in  a number o f  c a s e s  o f  r e t i n i t i s  
p ig m e n to sa  ( R i d d e l l  1939^)* The u n a f f e c t e d  members of  
r e t i n i t i s  p igm en tosa  f a m i l i e s  and p a r t i c u l a r l y  th e  s i b s  
o f  a f f e c t e d  i n d i v i d u a l s  s h o u ld  be i n v e s t i g a t e d  i n  t h i s  
m anner .  I f  i t  were found  t h a t  some o f  them showed
th e  p r e s e n c e  o f  a melanophore  d i s p e r s i n g  s u b s t a n c e ,  i t  
would f o l lo w  t h a t  they  were normal  o v e r l a p s ,  and t h a t  
t h e  p r im ary  l e s i o n  might  l i e  in  i X  th e  p i t u i t a r y .  On 
t h e  S t h e r  hand,  i f  th e  melanophore  d i s p e r s i n g  s u b s ta n c e  
was found on ly  i n  c e r t a i n  c a s e s  o f  r e t i n i t i s  p igmentosa  
t h e n  th e  p i t u i t a r y  a b n o rm a l i t y  would be  se c o n d a ry  to  th e  
r e t i n a l  c o n d i t i o n .
uI n  a r e c e n t  p a p e r  on t h e  Laurence-M oon-B ied l  
syndrome (S o rsb y ,A  v e ry  and  Cockayne 1939) th e  l i t e r a t u r e  
i s  r e v ie w e d  and t h e  a u t h o r s  p o i n t  o u t  t h e  f r e q u e n t  
o c cu ren c e  o f  one o r  more components o f  t h e  syndrome 
i n  t h e  a s c e n d e n t s  o f  p a t i e n t s  showing th e  f u l l  syndrome.
No c a s e  o f  t h e  i n h e r i t a n c e  o f  t h e  f u l l  syndrome i s  
known, th o u g h  c a s e s  a r e  r e p o r t e d  i n d i c a t i n g  t h a t  p a t i e n t s  
e x h i b i t i n g  t h e  Syndrome a r e  n o t  s t e r i l e .  They draw
a t t e n t i o n  t o  a  whole s e r i e s  o f  a l l i e d  c o n d i t i o n s  which  
a r e  c l a s s i f i e d  i n t o  e l e v e n  g r o u p s .
With r e g a r d  to  i t s  i n h e r i t a n c e  t h e r e  a r e  two qiain 
t h e o r i e s ,  t h e  f i r s t  i s  t h a t  one gene  p ro d u c e s  a l l  t h e  
s i g n s  and t h a t  in c o m p le te n e s s  o f  t h e  syndrome i s  due 
t o  t h e  a c t i o n . o f  m o d i fy in g  genes  : t h e  second  i s  t h a t  
t h e  syndrome i s  d e te rm in e d  by  two o r  more g e n e s .
F r a n c e s c h e t t i  (1930)  f a v o u r e d  t h e  f i r s t  v i e w  and  ^ o r s b y .  
Avery  and Cockayne s u p p o r t e d  t h e  second  and s u g g e s t e d  
t h a t  " t h e  syndrome i s  d e te r m in e d  by  two r e c e s s i v e  genes  
i n  t h e  same chromosome, o r  t h a t  i t  i s  d e p e n d e n t  on some 
chromosome e r r o r  such  as  d i s l o c a t i o n  o r  t r a n s l o c a t i o n " .
I t  i s  my o p in io n  t h a t  ou r  knowledge has  n o t  
advanced  s u f f i c i e n t l y  f a r  t o  J u s t i f y  t h e  a s su m p t io n  
t h a t  d i s l o c a t i o n  o r  t r a n s l o c a t i o n  o c c u r s .  The p o s s i b i l i t y  
o f  making  human chromosome maps was n o t  d e m o n s t r a te d  
u n t i l  B e r n s t e i n  showed i n  1931 t h e  ' t h e o r e t i c a l  p o s s i b i l i t y  
o f  do in g  so and human l i n k a g e  s t u d i e s  must  be  more 
advanced  b e f o r e  any d e f i n i t e  o p i n i o n  can b e  formed i n  
d e l a t i o n  t o  t h e s e  m u l t i p l e  syndromes.
P e d i g r e e  D. '
The f i r s t  p e d i g r e e  o f  r e t i n i t i s  p ig m en tosa  c o n t a i n s  
o n ly  one a f f e c t e d  i n d i v i d u a l ,  b u t  she  had  a b r o t h e r  who 
was d e a f .  Her f a t h e r  had  a s i s t e r  who was " b o m  w ith
b a d  s i g h t  and v e r y  sm a l l  e y e s " .  Her m o th e r  d i d  n o t
" se e  to o  w e l l  a t  a d i s t a n c e "  b u t  co u ld  r e a d  e a s i l y .  She 
was p resum ab ly  myopic .  This  p a t i e n t  ( I I I . l . )  had a
m elanophore  d i s p e r s i n g  s u b s t a n c e  i n  l e r  u r i n e .  Her
r e l a t i o n s  a l l  l i v e  i n  F i f e  and more d e t a i l s  were  n o t  
a v a i l a b l e .  She i s  m a r r i e d  b u t  has  no f a m i l y .  She
was f i r s t  seen  by me when f i f t y - t h r e e  y e a r s  o f  age and 
sh e  com pla ined  o f  d e f e c t i v e  v i s i o n  i n  d u l l  l i g h t .  This
h a d  been  p r e s e n t  f o r  e le v en  y e a r s .  Her c e n t r a l  v i s iQ n
w i t h  myopic c o r r e c t i o n  was v e r y  good i n  b o t h  eyes  (R .E .
C -  1 . 0  D.Sph.  - 2 . 0  D .Cyl . 9 0 ° . 6/ 6 . L .E .  - 1 . 5  D.Sph.
- 0 . 5  D .Cyl .  9 0 ° .  6 /9  and J . l .  u n a id e d  i n  b o t h  e y e s ) .
Her f i e l d s  i n  good d a y l i g h t  were r e d u c e d  to  a b o u t  20° 
ro u n d  th e  f i x a t i o n  p o i n t  and i n  d u l l  i l l u m i n a t i o n  t h i s  
was reduced  to  l e n s  th an  1 0 ° .  B oth  f u n d i  showed the  
t y p i c a l  changes a s s o c i a t e d  w i t h  r e t i n i t i s  p ig m e n to sa .  
There  was a p o s t e r i o r  p o l a r  o p a c i t y  i n  t h e  r i g h t  l e n s ,
b u t  t h e  l e f t  one was c l e a r .
W i t h  t h e  t e s t  t y p e s  i l l u m i n a t e d  w i th  one s t a n d a r d  
c a n d le  a t  v a r i o u s  d i s t a n c e s  and  shaded  from t h e  p a t i e n t  
I  c an d le  a t  A m. p a t i e n t  r e a d  4-/60 — m y s e l f  4 /3 6
I  c an d le  a t  2 m..................................4 /3 6  ~  . . . .  4 /12
I  c a n d le  a t  I  m. . .  . .  . .  4 /2 4  — . .  . . 4 /q
The p a t i e n t  was d a r k - a d a p t e d  f o r  h a l f  an  hour  
b e f o r e  t h e  t e s t  was c a r r i e d  o u t .
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R e t i n i t i s  P igm en tosa  and Myopia.
A l though  o n ly  one member o f  t h i s  p e d ig r e e  l i v e s  i n  th e
West o f  S c o t l a n d ,  I  have  o b t a i n e d  a c o n s i d e r a b l e  amount
o f  i n f o r m a t i o n  r e g a r d i n g  i t .
1 . 1 .  P i e d  a e t .  94 ;  h e r  g r a n d d a u g h t e r ,  I I I . 7 .  r e p o r t s
t h a t  she d i d  n o t  wear  g l a s s e s  a t  a l l  and  co u ld  see
to  sew by c a n d l e - l i g h t .  She was p resum ab ly  
m yopic .
1 . 2 .  Husband o f  I . I . ;  no i n f o r m a t i o n  was o b t a i n e d .
1 1 . 1 .  W il l iam  T. 1842 -  1910; was knocked o v e r  by a
t a x i - c a b  and k i l l e d ,  a e t .  6 8 .
1 1 . 2 .  Fanny J .  1843 -  1924; d i e d  a e t .  84;  i s  r e p o r t e d
to  have  had w o n de r fu l  s i g h t ,  e s p e c i a l l y  f o r  lo n g  
d i s t a n c e s ,  by h e r  d a u g h t e r ,  I I I . 7 . ;  t h i s  s i b s h i p  
had  e le v en  c h i l d r e n .
I I I . l .  A r t h u r  T. 1866 -  ; had an i n j u r y  t o  t h e  l e f t  
eye i n  c h i ld h o o d  and o n ly  r e q u i r e s  t o  wear 
g l a s s e s  f o r  r e a d i n g .  He w ro te  t o  me a b ou t  
h i s  c h i l d r e n .
I V . 1 .  Dorothy E. 1891 -  ; r e p o r t e d  to  be l o n g  s i g h t e d ;
w ears  b i f o c a l  g l a s s e s .
V . l .  John E. 1922 -  ; son o f  I V . 1 . ;  wears  g l a s s e s
f o r  lo n g  s i g h t  and has  s p e c i a l  e x e r c i s e s  to 
c o r r e c t  t h e  r i g h t  eye which i s  am b ly op ic .
*7
I V . 3 . K a th le e n  T. 1901 -  ; h a s  worn g l a s s e s  s i n c e  th e  
age o f  1 9 , and i s  v e ry  s h o r t  s i g h t e d .
I I I . 3 «  E r n e s t  T. 186? -  1 8 9 6 ; was n o t  m a r r i e d  and no metre 
i n f o r m a t i o n  was a v a i l a b l e .
1 1 1 . 4 .  W a l te r  T. 1869 -  ; i s  n o t  m a r r i e d ;  he  r e p o r t s  
t h a t  he i s  s h o r t  s i g h t e d  and can r e a d  a l l  s o r t s  
o f  p r i n t e d  m a t t e r  w i t h o u t  th e  use  o f  g l a s s e s .
He co n f i rm ed  t h e  s t a t e m e n t  t h a t  h i s  f a t h e r  and 
m o th e r ,  I I . 1 .  and 2 .  on ly  wore g l a s s e s  f o r  
r e a d i n g  and c l o s e  work.
1 1 1 . 5 .  Edgar T. 1870 -  ; m a r r i e d  b u t  has  no f a m i l y ;  
he h a s  g o t  t y p i c a l  r e t i n i ^ t i s  p ig m e n to sa ,  and 
h i s  c o r r e c t i o n  i s  - 5 . 0  D. Sph. R t .  and L t .
With g l a s s e s  he r e a d s  6 /12  i n  e i t h e r  eye and 
s m a l l  p r i n t  u n a id e d .  The f i e l d s  o f  v i s i o n  a re  
r e d u c e d  to  10° a round  f i x a t i o n  p o i n t ;  h i s  
c o lo u r  v i s i o n  t e s t e d  w i t h  I s h i h a r a ' s  P l a t e s
was n o rm a l .  Ee has  had  d i f f i c u l t y  i n ; s e e i n g  i n  
t h e  d a rk  f o r  many y e a r s ,  and he was t e s t e d  
by means o f  s t a n d a r d  c a n d l e s  i n  th e  f o l l o w i n g  
m an n e r:-
I I I .
I V . 4 
I I I .
i v . 6
4 8
With t e s t  t y p e s  i l l u m i n a t e d  w i t h  c a n d le s  b u r n in g  
a t  v a r i o u s  d i s t a n c e s  and sh a d ed  from t h e  p a t i e n t ' s  
e y e s : -
1 can d le a t 5m. p a t i e n t c o u ld r e a d  — M y s e l f  6 / 6 0
2 c a n d le s 11 5m. n it n — TT 6 / 2 4
3 n 11 5m. u n it 6 / 6 0 r? 6 / 1 8
4 n it 5m. 11 n ti 6 / 3 6 n 5 / 9 .
4 it n 3m. ti n tt 6 / 3 6 n 6 / 9 .
4 n 11 lm. n 11 n 6 / 2 4 n  *! 6 / 6 .
I n  a r t i f i c i a l  l i g h t  p a t i e n t  c o u ld  r e a d  6/ l 8 .
" good d a y l i g h t  " " " 6/ 1 2 .
7 .  L aura  McN. 1872 -  ; was examined on my b e h a l f  
by Dr. N .P .R .  Galloway o f  N o t t in g ham ,  who 
r e p o r t e d  t h a t  she had no s i g n  o f  r e t i n i t i s  
p ig m e n to sa ,  b u t  t h a t  she was h i g h l y  myopic ;
R .E .  - 9 . 0  D. Sph. L .E .  - 8 . 5  D. Sph.  w i t h  which 
she  r e a d  6 /6  i n  each eye .
Daughter  o f  I I I . 7 .  i s  r e p o r t e d  t o  have good 
v i s i o n ,  b u t  s u f f e r s  from a s th m a .
9 .  E l i z a b e t h  W. 1874 -  ; has  on ly  worn g l a s s e s  f o r  
r e a d i n g  and sew ing ,  b u t  h e r  son I V . 6 . h a s  g o t  
r e t i n i t i s  p ig m en tosa ,
R o b e r t  W. 1903 -  ; was examined by Dr. Snowball  
o f  B u r n l e i g h  and t h e  l a t e  Dr. Whitehead o f  Leeds ,  
b o t h  o f  whom d iag n osed  r e t i n i t i s  p ig m e n to s a .  His
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m other  r e p o r t s  t h a t  as a  c h i l d  he was ve ry  
awkward and w alked  i n t o  t h i n g s  such as  l a m p - p o s t s .  
This  was b e l i e v e d  to  h e  due to  c a r e l e s s n e s s .
V .3 . Pamela W. 1936 -  5 i s  r e p o r t e d  t o  h e  h e a l t h y .
1 1 1 . 1 1 .  Maud T. 1876 -  l 8 8 l ; no i n f o r m a t i o n .
1 1 1 . 1 2 .  E d i th  T. 1 8 7 8 ; d i e d  a e t .  3 months .
I I I . 1 3 *  Linda  G. 1879 -  I was examined hy Mr. R u t le dg e  
o f  Norwich to  whom I  am i n d e b t e d  f o r  th e  
f o l l o w i n g  i n f o r m a t i o n : -  Her v i s i o n  i n  th e  R.E. 
w i t h  - 1 . 0  D. C y l .  Axis y f .  was 6/ 6 , and  i n  the
I . E .  w i th  - 1 , 0  D. Cyl .  Axis 130° was 6 / 6 . Her 
f i e l d s  o f  v i s i o n  were c o n t r a c t e d  to  a b o u t  30° .
The f u n d i  showed t h e  u s u a l  p igmented  c h an g e s ,  and th e  
j i i  gmeiita t i  oft'--e ex te n d ed  tow ards  t h e  d i s c  on th e  
n a s a l  s i d e .  The f i e l d s  were c o n t r a c t e d  and the  
d i s c s  p a l e .
I V . 9 .  Mary C. 1910 -  ; r e p o r t e d  t o  be h e a l t h y  by h e r  
m o th e r ,  I I I . .13* She i s  m a r r i e d  b u t  has  no 
f a m i l y .
I V . 11 .  Rex C. 1913 " \ was examined f o r  me by Dr. N .P .R.
Galloway o f  Not t ingham , t o  whom I  am i n d e b t e d  f o r  
t h e  f o l lo w in g  i n f o r m a t i o n : -  His v i s i o n  R.E. and 
L .E .  6 /1 2 ,  w i t h  c o r r e c t i o n  f o r  h y p e rm e tro p ic  
a s t i g m a t i s m  v i s i o n  6 /5  i n  each ey e .  The fu n d i  
were p e r f e c t l y  normal  and t h e r e  was no n i g h t  
b l i n d n e s s .
5o
1 1 1 . 1 5 .  S t a n l e y  T. l 88o -  1918: was k i l l e d  i n  t h e  G re a t
War, and no o t h e r  i n f o r m a t i o n  a v a i l a b l e .
1 1 1 . 1 6 .  F r e d e r i c k  T. 1882 -  ; r e p o r t e d  t h a t  h i s  eyes 
were  examined by S i r  A. Lawson i n  1911 who 
c o r r e c t e d  h i s  s h o r t  s i g h t .  I n  1921 he  was 
examined by Mr. E d r id g e  Green who o r d e r e d ,
R .E .  - 1 . 5  L. Sph. w i t h  - 1 . 5  L. Cyl .  Axis  l 8 0 .
He r e p o r t s  t h a t  f o r  t h e  l a s t  s i x  y e a r s  he has  
done h i s  o f f i c e  work w i t h o u t  any g l a s s e s .
I V .1 2 .  M a rg a re t  T. 1914 -  ; d a u g h t e r  o f  I I I . 1 6 . has
g o t  lo n g  s i g h t  and w ears+ 0 .5  D. Sph. R t a n d  L t .
I V . 1 3 .  E le a n o r  T. 1918 -  ; h a s  g o t  h y p e rm e t r o p ic
a s t ig m a t i s m  and wears ■+ 0 .7 5  L. Sph. w i t h + 0 . 5  Cyl. 
Axis 90.
I V . 1 4 .  J e a n  T. 1919 -  ; h a s  g o t  myopic a s t i g m a t i s m  and 
w ears  R.E. - 2 . 5  D. Sph. L .E .  - 0 . 2 5  Sph.  w i t h  
- 0 . 7 5  D. C y l .  Axis l 8o .
IIE
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FfcW h e r e d i t a r y  d i s e a s e s  a r e  now b e l i e v e d  t o  he  
i s o l a t e d  c o n d i t i o n s  which have  on ly  l o c a l  m a n i f e s t a t i o n s  
and  a s  knowledge i n c r e a s e s  t h e i r  number w i l l  d im in i s h  
f u r t h e r .  We do n o t  know t h e  cau se  o f  m yopia ,  n o r
a r e  we i n  a p o s i t i o n  t o  c o n t r o l  i t .  I t  i s  known
t h a t  c e r t a i n  changes  i n  th e  eye a r e  a s s o c i a t e d  w i t h  i t  
and  t h a t  i n  c e r t a i n  ca se s  we can  e s t a b l i s h  a h e r e d i t a r y  
h i s t o r y  o f  th e  same c o n d i t i o n ,  su ch  a s  d e ta ch m en t  o f  th e  
r e t i n a ,  c h o r o i d a l  changes  o r  c o r n e a l  a s t i g m a t i s m .
S o rsb y  (1935)  con c lu d ed  " t h a t  t h e  h i g h e r  i n c i d e n c e  o f  
v i s u a l  d e f e c t  i n  Jew ish  c h i l d r e n  i s  t o  be  e x p l a i n e d  noi: 
on ly  by  t h e  o n s e t  o f  myopia i n  a  l a r g e r  group  o f  p o t e n t i a l  
myopes b u t  a l s o  by t h e  g r e a t e r  f r e q u e n c y  o f  a s t i g m a t i s m .
The g r e a t e r  i n c i d e n c e  o f  a s t i g m a t i s m  among Jews i s  
p e rh a p s  t o  be  e x p la in e d  a lo n g  b i o l o g i c a l  l i n e s .
A s t ig m a t i sm  i s  f r e q u e n t l y  i n h e r i t e d  a s  a r e c e s s i v e ' manner 
and  would  be  f r e q u e n t  i n  such a h i g h l y  i n b r e d  p e o p le  as  
t h e  Je w s" .
I t  i s  c e r t a i n  t h a t  h e r e d i t a r y  f a c t o r s  a r e  c o n ce rn e d .  
They may be  t h e  same as  th o se  which c o n t r o l  g row th  i n  
o t h e r  p a r t s  o f  the  body o r  which c o n t r o l  th e  f o r m a t io n  
o f  p r i m i t i v e  t i s s u e  d e s t i n e d  to  become a  d u c t l e s s  g l a n d .
The whole problem o f  m e ta b o l i c  c o n t r o l  a r i s e s  and r e c e n t
5 ?
w o rk e r s  a l l  seem to  be d i s s a t i s f i e d  w i th  t h e  view t h a t  
myopia  i s  a p u r e l y  o p h t h a l m o lo g i c a l  problem a t t r i b u t a b l e  
t o  e x ce ss  o f  c l o s e  work o r  o t h e r  m isu se  o f  th e  e y e s .
H e r e d i t a r y  s t a t i o n a r y  n i g h t - b l i n d n e s s , a l t h o u g h  
a  r a r i t y ,  may f u r n i s h  v a l u a b l e  i n f o r m a t i o n  to  o t h e r  
b r a n c h e s  o f  knowledge th a n  h e r e d i t y  and op h th a lm o log y .
I t  m ig h t  be due f o r  example to  a  d e f e c t  i n  v i s u a l  p u r p l e  
which i n  t u r n  may be c o n t r o l l e d  by f a c t o r s  co nce rn ed  i n  
t h e  u t i l i s a t i o n  o f  v i t a m in  A. We do n o t  know what
would happen  i f  an a f f e c t e d  member o f  such  a  p e d ig r e e  
m ated  w i t h  a highV myope, a l th o u g h  we do know t h a t  when 
n i g h t - b l i n d n e s s  i s  s e x - l i n k e d  i t  i s  f r e q u e n t l y  a s s o c i a t e d  
w i t h  myopia .  I t  i s  o f  i n t e r e s t  t h a t  n o t  a l l  the  
members o f  su ch  p e d ig r e e s  a f f e c t e d  w i t h  n i g h t - b l i n d n e s s  
a r e  myopic .  As i t  i s  v e ry  d o u b t f u l  i f  myopia e v e r  
o c c u r s  as  a  s e x - l i n k e d  c o n d i t i o n  by i t s e l f ,  such  c a se s  
may be  r e g a r d e d  as  ’normal o v e r l a p s ’ a n a lo g ou s  to  th o se  
found  i n  p e d i g r e e s  o f  a c h o l u r i c  j a u n d i c e  r e f e r r e d  to  
a b o v e .
There i s  o f  cou rse  no p a r t i c u l a r  r e a s o n  f o r  th e  
a s su m p t io n  so f r e q u e n t l y  made t h a t  myopia i s  always 
c o n t r o l l e d  by th e  same s e t  o f  f a c t o r s .  I t  i s  w e l l
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known amongst  an im al  g e n e t i c i s t s  t h a t  s i m i l a r  con­
d i t i o n s  may he d e te rm in e d  hy d i f f e r e n t  g e n e s .  For 
example t h e r e  a r e  a t  l e a s t  t h r e e  k in d s  o f  w h i t e  plumage 
i n  t h e  do m es t ic  fo w l .  One has  a r i s e n  a s  a  dominant  
s e x - l i n k e d  m u t a t i o n ,  one a s  a  dominant  m u t a t i o n  which 
i s  n o t  s e x - l i n k e d  and a t h i r d  a p p e a r s  to  he r e c e s s i v e  
(Hoghen 1 9 3 9 ) .
The q u e s t i o n s  r a i s e d  by th e  d i s c o v e r y  o f  a 
m elanophore  d i s p e r s i n g  s u b s t a n c e  i n  t h e  b l o o d  and 
u r i n e  o f  p a t i e n t s  s u f f e r i n g  from r e t i n i t i s  p igm en tosa  
removes i t  from i t s  i s o l a t i o n  as  a  ’h e r e d i t a r y  eye 
d i s e a s e ’ and  compels i t s  r e c o n s i d e r a t i o n  from a  w id e r  
a s p e c t .  I t s  a s s o c i a t i o n  w i th  o t h e r  c o n d i t i o n s  was 
l o s t  s i g h t  o f  i n  th e  c o u rs e  o f  th e  somewhat a r i d  
c o n t r o v e r s y  amongst o p h t h a l m o lo g i s t s  c o n c e rn in g  i t s  
o r i g i n  from a  v a s c u l a r  o r  n e u r a l  ’ c a u s e ’ .
The view t h a t  an i n h e r i t e d  c h a r a c t e r  o r  d i s e a s e  
depends upon th e  a c t i o n  o f  a  s i n g l e  gene a c t i n g  i n  
i s o l a t i o n  can no l o n g e r  be m a i n t a i n e d .  The a c t i o n  
o f  a  gene  i s  complimentary  to  t h a t  o f  o t h e r s ,  t h a t  i s  
t o  say  i t  r e a o t s  to  i t s  g e n e t i c  .environment,  j u s t  as  
t h e  o rgan ism  as a  whole r e a c t s  to  t h e  p h y s i c a l  
e n v i ro n m en t  i n  which i t  f i n d s  i t s e l f .
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Thi* s e c t i o n  may be  c o n c lu d ed  w i th  th e  s t a t e m e n t  
o f  some m a t t e r s  upon which f u r t h e r  r e s e a r c h  may be 
b a s e d .
1 .  There i s  n e e d  f o r  th e  c o n s t r u c t i o n  o f  r e f r a c t i o n
c u r v e s  from u n s e l e c t e d  samples  o f  th e  p o p u l a t i o n .  A« 
r a c i a l  d i f f e r e n c e s  a r e  known to  e x i s t  i t  i s  i m p o r t a n t  
t h a t  su ch  c u rv e s  sh o u ld  be  c o n s t r u c t e d  f o r  d i f f e r e n t  
c o m m u n i t ie s .  F i g u r e s  a p p l i c a b l e  t o  A m erican  o r
Je w ish  p o p u l a t i o n s  s h o u ld  n o t  be u se d  where t h e y  may 
n o t  b e  a p p l i c a b l e .
2 .  A method o f  m easu r ing  th e  a x i a l  l e n g t h  o f  t h e l i v i n v  
eye i s  a t  p r e s e n t  a  s u b j e c t  o f  r e s e a r c h  i n  t h i s  c o u n t r y  
(Sorsby  I 9 37) ,  One a p p l i c a t i o n  o f  t h i s  knowledge would
b e  t o  e n a b le  th e  t h r e e  main d i o p t r i c  components  o f  th e  
eye t o  be s e p a r a t e d .
3 .  Once t h e  d i p p t r i c  power o f  th e  c o r n e a , l e n s  and
s t  -  s-;
t h e  a x i a l  l e n g t h  o f  the  l i v i n g  eve i ^  known p r o g r e s s  i n  
ou r  knowledge o f  th e  o r ig i r .  o f  r e f r a c t i v e  e r r o r s  co u ld  
be  made. For example by th e  a p p l i c a t i o n  o f  the
f o r m u la  y - b r * *  ( s e e  append ix  I ,  )
4 .  There i s  need f o r  a  s im p le  c l i n i c a l  method f o r  
t h e  e s t i m a t i o n  o f  d a r k  a d a p t a t i o n  and ^ c o t o p i c  v i s i o n .
A t  p r e s e n t  th e  normal  v a r i a t i o n s  a r e  n o t  known and 
i n v e s t i g a t i o n  o f  h e r e d i t a r y  and. n u t r i t i o n a l  n i g h t - b l i n d n e s s  
i s  h a n d ic a p p e d .
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5 .  The s u g g e s t i o n  made by GriLneberg c o n c e r n in g  normal 
o v e r l a p s  i s  one which sh o u ld  be  k e p t  i n  v iew  i n  a l l  
c l i n i c a l  i n v e s t i g a t i o n s  o f  h e r e d i t a r y  c o n d i t i o n s .
6 .  As th e  c o n ce p t  o f  one ’ c a u s e '  f o r  one ' d i s e a s e '  
i s  i n c r e a s i n g l y  more d i f f i c u l t  to  m a i n t a i n  a more 
f l e x i b l e  a p p ro ach  to  h e r e d i t a r y  c o n d i t i o n s  a p p e a r s
t o  be n e c e s s a r y .
7 .  C o - o p e ra t io n  between g e n e t i c i s t s  and c l i n i c a l
w o rk e r s  sh o u ld  be c l o s e r  th a n  has  been  t h e  c a se  i n  the  
p a s t .  I t  i s  now p o s s i b l e  to  ap p ly  r e f i n e d  s t a t i s t i c a l
methods to  problems a r i s i n g  i n  th e  s tu d y  o f  sm a l l  human 
p e d i g r e e s .  The p o s s i b i l i t y  o f  e s t a b l i s h i n g  g e n e t i c
l i n k a g e  i n c r e a s e s  th e  im p o r tan ce  o f  c l i n i c a l  o b s e r v a t i o n s  
on human h e r e d i t a r y  c o n d i t i o n s .
P a r t  two i s  concerned  w i th  th e  a p p l i c a t i o n  o f  such 
m ethods to  th e  s tu d y  o f  h a e m o p h i l i a  and c o l o u r - b l i n d n e s s .
S e c t i o n  4 .
56.
R e t i n i t i s  P ig m e n to sa ,  C h o ro id e rem ia  and S e x - l i n k e d  
N ig h t  B l in d n e s s  w i th  Myopia o c c u r r i n g  i n  t h e  same 
P e d i g r e e  -  C h a r t  F .
T h is  s e c t i o n  c o n t a i n s  a  b r i e f  a c c o u n t  o f  a  u n iq u e  
p e d i g r e e  which was e x t e n s i v e l y  i n v e s t i g a t e d  by Smith 
and  U sh er  ( 1916) .  I t  has  been  b r o u g h t  up to  d a te  
by  U sher  (1935) ?-nd by m y s e l f  ( 1 9 3 9 ^ ) .  I I I . 7 - w a s  
myopic  and s u f f e r e d  from c o n g e n i t a l  s t a t i o n a r y  n i g h t  
b l i n d n e s s .  H is  m a t e r n a l  u n c l e  I I , 1 .  was s i m i l a r l y  
a f f e c t e d .  I I I . 7 . m a r r i e d  I I I .4 1 .  a  woman who 
s u f f e r e d  from r e t i n i t i s  p ig m e n to sa .  They had  f o u r
c h i l d r e n  and t h e  e l d e s t ,  I V . 8 .  has  g o t  c h o r o i d e r e m ia .  
T h is  man has  been  un d e r  o b s e r v a t i o n  f o r  o v e r  t h i r t y  
y e a r s  and i s  now aged 49» i s  m a r r i e d  b u t  has  no 
c h i l d r e n .  H is  w i f e  i s  two y e a r s  o l d e r  t h a n  he  i s .
Of h i s  two s i s t e r s ,  one l i v e s  i n  Canada and h a s  n o t  
b e e n  examined,  b u t  the  o t h e r  l i v e s  i n  t h i s  c o u n t ry  
and  e x a m in a t io n  o f  h e r  f a m i ly  i s  n e g a t i v e .  Water
c o l o u r  drawings  were made o f  t h e  f u n d i  i n  t h i s  case  
i n  1914 and were r e p ro d u c ed  i n  c o l o u r  i n  t h e  H e t t l e s h i p  
Memorial  Volume. At t h i s  t im e  th e  v i s i o n  o f  the
r i g h t  eye was 6 / l 8  w i th  “ 2 .5  Sph. and - 1 . 5  Cyl. 
a x i s  l 80° ,  and t h e  f i e l d  o f  v i s i o n  was c o n t r a c t e d  to
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w i t h i n  1 0 ° .  N ig h t  b l i n d n e s s  was marked,  h u t  he was
a b l e  to  name r e d ,  y e l l o w ,  g re e n  and b l u e  w i th  th e  
s p e c t r o s c o p e .  The v i s i o n  o f  th e  l e f t  eye w i th
myopic c o r r e c t i o n  was 6/24  and he  was unab le  t o  see  
c o l o u r s  w i t h  i t .  T e s t s  w i th  c o lo u r e d  c a rd s  and
wools  were a l l  u n s a t i s f a c t o r y .  I n  1924 th e  v i s i o n
i n  th e  r i g h t  eye was 6 /24  w i t h  - 6 . 0  D. Sph. and - 2 . 5  D. 
Cyl. a x i s  l 8o ° .  I t  i s  now r e d u c e d  to  p e r c e p t i o n  
o f  l i g h t .  The o r i g i n a l  d raw ings  made i n  1914 show
a l e a s h  o f  b lo o d  v e s s e l s  ru n n in g  o u t  tow ards  t h e  m acula .  
T h is  h a s  now d i s a p p e a r e d .  The c o n d i t i o n  o f  the
a n t e r i o r  segment o f  th e  eye has  n o t  a l t e r e d  m a t e r i a l l y  
s i n c e  th e  o r i g i n a l  d e s c r i p t i o n .  He has s t i l l  g o t  
o n l y  a few s p o t s  o f  o p a c i ty  i n  t h e  l e n s  and f i n e  f l o a t i n g  
o p a c i t i e s  c o n f in e d  to  the  a n t e r i o r  p a r t  o f  t h e  v i t r e o u s ,
I  have known t h i s  p a t i e n t  f o r  t h i r t y  y e a r s .  I n  
h i s  young days he was a b u t c h e r ’ s message boy n e a r  my 
home, and managed to  do t h i s  i n  s p i t e  o f  t h e  c o n s t r i c t i o n  
i n  h i s  f i e l d s .  L a t e r  he was t r a i n e d  as  a b o o t -  
r e p a i r e r  and worked i n  th e  B l in d  Asylum.
I n  an a t t e m p t  to  f i n d  a  melanophore  d i s p e r s i n g  
s u b s t a n c e  i n  h i s  u r i n e  s i x  f r o g s  were ch o sen ,  t h r e e  
p a i r s  o f  s i m i l a r  s i z e  and c o l o u r .  Three were
i n j e c t e d  w i t h  u r i n e  from a normal  p a t i e n t  and t h r e e  
from t h e  c h o ro id e re m ia  p a t i e n t .  No c o l o u r  changes
w ere  s e e n .  A c o n t r o l  e x p e r im e n t  was c a r r i e d  ou t
w i t h  f i v e  p a i r s  o f  matched f r o g s  and u r i n e  from 
p a t i e n t s  w i t h  r e t i n i t i s  p ig m e n to sa .  C o lo u r  changes
o c c u r r e d  i n  f o u r  f r o g s  o u t  o f  t h e  f i v e .  The samples
were  p r e p a r e d  i n  th e  manner d e s c r i b e d  by Dax and 1 . 0  c c .  
o f  u r i n e  was u sed .  The r e a c t i o n  was w e l l  s e en  i n
t h e  r e t i n i t i s  p igm entosa  f r o g s .  I n  t h e s e  i n v e s t i g a t i o n s
I  was a s s i s t e d  by Dr. F. J .  H e b b e r t ,  t h e  House Surgeon  
a t  th e  Ophtha lmic  I n s t i t u t i o n  i n  Glasgow.
There a r e  two views r e g a r d i n g  t h e  o r i g i n  o f  
c h o r o i d e r e m ia .  I t  may be a  c o n g e n i t a l  ab sence  o f  
t h e  c h o r o i d .  On th e  o t h e r  hand,  Dr.  B e d e l l  (1937)  
c o n s i d e r s  t h a t  "as i t  d ev e lop s  d u r in g  t h e  l i f e  o f  th e  
p a t i e n t  i t  must  n o t  be c o n s id e r e d  a s  a c o n g e n i t a l  ab sence  
o f  th e  c h o r o i d ,  b u t  as  a d i s s o l u t i o n  o f  t h a t  membrane". 
U sh e r  (1935) p o i n t e d  o u t  t h a t  i t  was c u r i o u s  t h a t  none 
o f  t h e  c a se s  r e p o r t e d  a t  t h e  t ime o f  t h e  f i r s t  e x a m in a t io n  
was yo unger  th an  f o u r t e e n  y e a r s ,  and he doub ted  i f  a l l  
t h e  e a s e s  formed a homogeneous g ro u p .  The age o f
o n s e t  does n o t  a f f e c t  th e  p o s s i b i l i t y  o f  h e r e d i t y  b e in g  
a n  i m p o r t a n t  f a c t o r  i n  i t s  p r o d u c t i o n .  I n  c o n v e r s a t i o n
Dr. B e d e l l  t o l d  me o f  a p r o f e s s i o n a l  b a s e - b a l l  p l a y e r  i n  
America who s u f f e r e d  from t y p i c a l  c h o r o i d e r e m ia .  O bvious ly  
s u c h  a case  shows t h a t  th e  c o n d i t i o n  may de v e lo p  d u r in g  
t h e  l i f e  o f  t h e  a f f e c t e d  i n d i v i d u a l .
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As a  p r e f a c e  to  th e  c o n s i d e r a t i o n  o f  t h e  n e x t  
s e c t i o n  t h i s  n o t e  on s e x - l i n k a g e  and  m u ta t io n  i s  
i n t e r p o l a t e d .
I n  man sex i s  c o n t r o l l e d  "by a  p a i r  o f  chromosomes 
c a l l e d  X-chromosomes, l o t h  o f  which a r e  p r e s e n t  i n  th e  
fem a le  and  one p a s s e s  i n t o  e v e ry  gam ete .  The male 
h a s  g o t  o n ly  one X-chromosome and i t s  p a r t n e r  i s  th e  
Y-chromosome. E i t h e r  X o r  Y p a s s e s  i n t o  th e  gamete
"but n o t  h o t h .  The sex o f  th e  o f f s p r i n g  c o n s e q u e n t ly
depends  upon t h e  m a le  gam ete .  I t  i s  u s u a l l y  t a u g h t
t h a t  t h e  Y-ehromosome c a r r i e s  v e ry  few genes  and t h a t  i t  
does n o t  c o n t r o l  sex .
The fem ale  r e c e i v e s  one X-chromosome from h e r  f a t h e r  
and  one from h e r  m o th e r .  The male r e c e i v e s  one
X-chromosome from h i s  m other  an* th e  Y-ehromosome from h i s  
f a t h e r .  I t  i s  n o t  th e  typ e  o f  chromosome which
d e t e r m i n e s  th e  sex o f  a n  i n d i v i d u a l , i t  i b ;  the. numbef o f  
gen es  c a r r i e d  on t h e  X-chromosome. A double  supplv
c a u se s  f em a le  developm ent ,  a  s i n g l e  su p p ly  a m ale .
Genes a r e  c a r r i e d  bn t h e  X-chromosomes which have 
n o t h i n g  t o  do w i t h  th e  d e t e r m i n a t i o n  o f  s e x .  Colour-
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b l i n d n e s s  and h a e m o p h i l i a  a r e  two examples o f  t h i s .  
C o l o u r - b l i n d n e s s  i s  a  r e c e s s i v e  c o n d i t i o n  which  a p p e a r s  
i n  t h e  male b e c a u se  t h e r e  i s  n o t  a  norm al  c o u n t e r p a r t  
p r e s e n t , a s  t h e r e  i s  i n  t h e  second  X-chromosome o f  the  
f e m a l e .  I f  a woman had  a  c o l o u r e d e f e c t i v e  f a t h e r
and  a  m other  who was h e te r o z y g o u s  f o r  th e  d e f e c t ,  she 
m ig h t  be  c o l o u r - b l i n d .  Hence c o l o u r - b l i n d n e s s  i n
women i s  r e l a t i v e l y  uncommon.
H aemophi l ia  i s  t r a n s m i t t e d  i n  a s i m i l a r  way and 
t h e o r e t i c a l l y  h a e m o p h i l i c  women may o c c u r .  They 
do n o t  do s o .  There a r e  sev en  p e d i g r e e s  o f  t h e
ty pe  (R Y X RD ) on r e c o r d  and th e  a f f e c t e d  o f f s p r i n g  
a r e  e x c l u s i v e l y  male (Eogben 1939)•  There were
25 c h i l d r e n  a r i s i n g  from such m a t in g s  and 14- were normal  
f e m a le s  and  I I  a f f e c t e d  m a le s .  I t  i s  p o s s i b l e  t h a t
t h e  gene i n  d u p l i c a t e  i s  l e t h a l  and c o n s e q u e n t ly  t h e  
z y g o te s  do n o t  de v e lo p ,  o r  t h a t  i n  d u p l i c a t e  t h e  genes  
c ann o t  become m a n i f e s t  owing to  o t h e r  f a c t o r s  i n  th e  
e n v iro n m en t  o f  th e  fem ale  soma. A t te m p ts  have been
made t o  t r e a t  h a em o p h i l i a  w i th  o v a r i a n  t i s s u e s  and e x t r a c t s  
b u t  t h e  r e s u l t s  a r e  e q u i v o c a l .
The X X and X Y mechanism d e te r m in e s  w h e th e r  male 
o r  fem a le  sex  g l a n d s  w i l l  de v e lo p  ; t h e  se co n d a ry  s e x u a l  
c h a r a c t e r i s t i c s  a r e  n o t  d i r e c t l y  c o n t r o l l e d  by i t .
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R ecom bina t ion  o f  v a r i o u s  f a c t o r s  may a l t e r  th e  
h e r e d i t a r y  c o n s t i t u t i o n  o f  a p e d i g r e e .  A good
example i s  shown i n  th e  c a r e f u l  i n v e s t i g a t i o n  o f  
t h e  a s c e n d e n t s  o f  p a t i e n t s  s u f f e r i n g  from th e  L a u re n c e -  
M o o n - B d d l  syndrome a l r e a d y  r e f e r r e d  t o .  The
c h o r o id e r e m ia  p e d ig r e e  (C h a r t  F) i s  a second  example .  
Such changes  may a r i s e  th rough  gen es  c r o s s i n g  o v e r  from 
one chromosome to  a n o t h e r .  The a s s o c i a t i o n  of
s e x - l i n k e d  n i g h t  "b l indness  and myopia  co u ld  a r i s e  i n  
t h i s  m anner .
Changes may a l s o  o ccu r  th ro u g h  a  p r o c e s s  c a l l e d  
m u t a t i o n .  Genes may e x i s t  i n  a  number o f  d i f f e r e n t
s t a t e s  and p a i r s  o f  a l l e lo m o r p h s  may he  made up o f  
s i m i l a r  o r  d i s s i m i l a r  members. When a  gene p a s s e s
from one s t a t e  to  a n o t h e r  th e  p r o c e s s  i s  c a l l e d  m u t a t i o n .  
We do n o t  know th e  cause  i n  n a t u r e . b u t  i t  can  be 
p ro d u ce d  a r t i f i c i a l l y  by means o f  X - r a y s ,  T h is  i s
n o t  a  d e s t r u c t i v e  p r o c e s s ,  b e c a u se  i n  some i n s t a n c e s  
t h e  r e v e r s e  p r o c e s s  has  been  in d u c e d  by th e  same means.  
Th is  work was i n i t i a t e d  by F . J . M u l l e r  i n  1927 when he 
showed t h a t  th e  m u ta t io n  r a t e  i n  D ro s o p h i l a  c o u ld  be 
i n c r e a s e d  ab o u t  190 t im e s  by e x po su re  to  X-Rays.
6?
Some p a r t s  o f  a  chromosome a r e  mofe l i a b l e  to  
change o r  m u ta te  t h a n  o t h e r s ,  and i n  D ro so p h i la  
m u t a t i o n  r a t e s  can he  c a l c u l a t e d .  I n  n a t u r e  such
changes  a r e  r a r e ,  be tw een  one chromosome i n  a m i l l i o n
and one i n  t e n  m i l l i o n  i n  e v e ry  g e n e r a t i o n .  The
t,
h i g h e s t  miration r a t e  known f o r  any l o c u s  i n  D r o s o p h i l a  
M e la n o g a s t e r  i s  I  i n  300 ,000  ( F o r d ) ,  This  occu rs
i n  t h e  s e r i e s  o f  m u l t i p l e  a l l e l o m o r p h s  which produce  
eye c o l o u r s ,  which range  from a  r e d  sh ad e  to  w h i t e .
M u ta t io n s  may o c c u r  i n  body c e l l s  a s  w e l l  a 3 i n  
g a m e te s .  An e x c e l l e n t  example i s  h e t e r o c h r o m ia  i r i d i s
which  i s  f r e q u e n t l y  seen  i n  o p h th a lm ic  c l i n i c s .
f a
"How o f t e n ,  when a  new phenomenon has  b e e n  o b se rv ed ,  
do we h e a r  t h e  q u e s t i o n  a s k e d  ; What i «  t h e  cause  
o f  i t  ? A q u e s t i o n  which  i t  may be  a b s o l u t e l y
i m p o s s i b l e  t o  answ er ,  w hereas  t h e  q u e s t i o n  ; To 
wha t  deg ree  a r e  o t h e r  phenomena a s s o c i a t e d  w i th  i t  ? 
may ad m i t  o f  a n  e a sy  s o l u t i o n ,  and  r e s u l t  i n  i n v a l u a b l e  
know ledge" ,
K a r l  P e a r s o n  ( 18^ 7- 1 9 3 6 ) .
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Part II.
H a em o p h i l i a  and C o l o u r - b l i n d n e s s .
I n  1936 I  was a sked  t o  examine h a e m o p h i l i c  p e d ig r e e s  
f o r  c o l o u r  d e f e c t i v e  i n d i v i d u a l ^  on "behalf  o f  D r . J u l i a  
B e l l  and P r o f .  J . B .S .H a l d a n e .  Seven h a em o p h i l i c
p e d i g r e e s  were i n v e s t i g a t e d  and t h e  a f f e c t e d  members 
were  examined f o r  c o lo u r  d e f e c t s .  Of t h e s e  two
were found  to  c o n t a i n  c o lo u r  d e f e c t i v e  i n d i v i d u a l s  
a n d  th ey ?w ere  worked ou t  a s  f u l l y  a s  p o s s i b l e .  Both 
p e d i g r e e s  have b e en  p u b l i s h e d  s e p a r a t e l y  ( R i d d e l l  1937 
and 1938 ) and a r e  i n c l u d e d  i n  t h i s  t h e s i s  a s  P e d ig re e  
C h a r t s  G and H*
I s h i h a r a 1s i s o c h r o m a t i c  p l a t e s  4 t h .  E d i t i o n  were 
u se d  i n  a l l  c a se s  and p o s i t i v e  f i n d i n g s  were confi rm ed  
w i t h  I s h i h a r a  7 t h .  E d i t i o n ,  S t i l l i n g ' s  p l a t e s ,  the  
E d r id g e -G re e n  l a n t e r n ,  bead  and wool t e s t s .  I n  c e r t a i n  
c a s e s  i t  was n o t  found  p o s s i b l e  to  u se  a l l  m ethods ,  b u t  
no c a se  was a c c e p t e d  w i t h o u t  c o n f i r m a t i o n  o f  some s o f t .  
S u p e r f i c i a l l y  i t  m igh t  be  th o u g h t  t h a t  d e n t a l  c l i n i c s  
would b e  a  s u i t a b l e  p l a c e  to  f i n d  r e c o r d s  o f  h a e m o p h i l i c s ,  
b u t  a l t h o u g h  many c a s e s  were o b t a i n e d  from d e n t a l  schoo l  
c l i n i c s ,  on ly  one p roved  to  be  a  g e n u in e  h a e m o p h i l io .
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P e d i g r e e  G was i n c l u d e d  i n  a  p a p e r  on t h e  l i n k a g e  
"between t h e  g en es  f o r  c o l o u r - b l i n d n e s s  and h a e m o p h i l i a  
i n  man p u b l i s h e d  by B e l l  and F a ld a n e  i n  I 9 3 7 * This  
s e c t i o n  i s  e n t i r e l y  b a s e d  upon t h e i r  work .  I t  i s
g e n e r a l l y  a c c e p t e d  t h a t  t h e  genes  f o r  h a e m o p h i l i a  and 
f o r  c o l o u r - b l i n d n e s s  m a n i f e s t  t h e m s e lv e s  i n  a l l  males  
who c a r r y  them. As a l r e a d y  p o i n t e d  o u t  h a e m o p h i l i c
women a r e  unknown o r  a t  l e a s t  e x t r e m e ly  d o u b t f u l .
One su ch  p e d ig r e e  was p u b l i s h e d  a  few y e a r s  ago from 
t h e  West o f  S c o t l a n d  c o n t a i n i n g  two a l l e g e d  h a e m o p h i l i c  
women. I  r e - i n v e s t i g a t e d  t h i s  p e d ig r e e  and s a t i s f i e d
m y s e l f  t h a t  t h e  women i n  q u e s t i o n  were n o t  h a e m o p h i l i c s .  
They had  n o t  been  examined by th e  o r i g i n a l  r e c o r d e r s ;  
n e i t h e r  had  any haem orrhages  i n t o  j o i n t s ,  one had  s e v e re  
haem orrhage  f o l l o w in g  th e  e x t r a c t i o n  o f  t e e t h  and th e  
o t h e r  had  had a s e r i o u s  p o s t - p a r tu m  h aem o rrh ag e .  I  
i n t e r v i e w e d  b o t h  o f  them, a s  w e l l  a s  t h e i r  male h a e m o p h i l i c  
r e l a t i v e s .  As th e  p e d ig r e e  c o n ta in e d  no c o lo u r -
d e f e c t i v e  members i t  has  n o t  b e en  r e - p u b l i s h e d .
A c co rd in g  to  Waaler (1927) t h e  gen es  which d e te rm in e  
’ p r o t a n o p i a ’ and Td e u t e r a n o p i a '  form a  s e r i e s  o f  f i v e  
a l l e l o m o r p h i c  genes  w i th  t h e  normal  g e n e .  Haldane( I 93S )
s u g g e s t e d  t h a t  t h e r e  a re  a t  l e a s t  two d i f f e r e n t  
a l l e l o m o r p h i c  genes  f o r  h a e m o p h i l i a .
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I t  was o f  c o n s i d e r a b l e  im p o r ta n c e  t o  d e m o n s t r a te  
t h a t  t h e  p r i n c i p a l s  o f  l i n k a g e  which have b e en  worked 
o u t  f o r  o t h e r  a n im a ls  a l s o  h e l d  good f o r  man and t h i s  
i n v e s t i g a t i o n  by B e l l  and  Haldane was th e  f i r s t  i n  
which  l i n k a g e  was m easured  i n  man.
C o l o u r - b l i n d n e s s  was chosen  b e c a u s e  i t  i s  r e l a t i v e l y  
common and h a e m o p h i l i a ,  a l t h o u g h  r a r e ,  b e c a u s e  i t  
c o u ld  have no e f f e c t  ur>on t h e  d e t e c t i o n  o f  c o l o u r  d e f e c t s .  
B e l l  and Haldane found two such  p e d i g r e e s  i n  London,
D r . C . L . B i r c h  o f  Chicago p r o v id e d  a n o t h e r ,  D r .M adlener  
o f  Kempten(Germany) c o n t r i b u t e d  f u r t h e r  i n f o r m a t i o n  
c o n c e rn in g  a  f am i ly  which he p u b l i s h e d  i n  I 928 and i n  
which t h e  f i r s t  e v id e n ce  o f  l i n k a g e  be tw een  t h e  two genes  
was o b t a i n e d ,  a  p e d ig r e e  p u b l i s h e d  by Davenpor t  (1930) 
and my own c o n t r i b u t i o n  ( C h a r t  G) com ple ted  t h e  s e r i e s  
o f  s i x  upon which th e  i n v e s t i g a t i o n  was b a s e d .
I t  was p o i n t e d  o u t  by Haldane  (1935) t h a t  
h a e m o p h i l i a  would be r a p i d l y  e x t i n g u i s h e d  by  n a t u r a l  
s e l e c t i o n  i f  th e  gene d id  n o t  c o n s t a n t l y  a r i s e  anew 
by  m u t a t i o n .  I n  P e d ig r e e  G h a e m o p h i l i a  a r o s e
e i t h e r  by  m u ta t io n  o r  e l s e  I .  2 was h e te r o z y g o u s .
As she  had  t h r e e  normal sons  and h e r  d a u g h t e r s ,  I I . 6 
and  I I . 7 had  f o u r  and t h r e e  normal sons  r e s p e c t i v e l y ,  
t h e  p r o b a b i l i t y  c a l c u l a t e d  by Haldane i s  9 X  I 7 X 2 'V 
o r  O.O3 7 . The ev id en ce  i n  f a v o u r  o f  m u ta t io n  i s
s t r o n g  b u t  n o t  c o n c l u s i v e .  I n  c e r t a i n  o f  the  o t h e r
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p e d i g r e e s  th e  e v id e n c e  i n  fa v o u r  o f  m u ta t io n  was v e r y  
s t r o n g ,  h a v in g  a p r o b a b i l i t y  o f  0 . 0 0 0 2 5 .
The g en e s  f o r  c o l o u r - b l i n d n e s s  and h a em o p hi l ia  
may b e  r e p r e s e n t e d  by th e  l e t t e r s  C and E . Their  
normal a l l e lo m o r p h s  by  ■+■ . Thus a man i s  e i t h e r
+  +  ( n o r m a l ) ,  C 4" ( c o l o u r - b l i n d ) , 4" E  ( h a e m o p h i l i c ) ,  
o r  GH ( c o l o u r - b l i n d  and h a e m o p h i l i c ) .  A woman i s
d i p l o i d  f o r  t h e s e  g e n e s ,  b e c a u s e  a woman has two X 
chromosomes whereas a man has but  o n e .  She i s
+  4  + 4 *  4 - - f -  4 - 4 -  4" Er e p r e s e n t e d  as — - , —- -  , J— J— , - — , or  — —
+ 4 -  0 4 - 4 - H  C H  C f
The l a t t e r  two w i l l  d i f f e r  i n  t h e i r  progeny .  The
4 4 -so n s  o f  — -  women w i l l  be  m a in ly  normal o r  e o l o u r -
C H
4" Hb l i n d  h a e m o p h i l i c s .  Those o f    women w i l l  be
c 4 -
m a in ly  h a e m o p h i l i c  or  c o l o u r - b l i n d ,  b u t  r a r e l y  b o th  or
n e i t h e r .  The o t h e r  p o s s i b l e  fem ale  g en o ty p e s  are
C 4 - C 4 -  4 -H  4 - H  C H
e x t r e m e ly  ra re  v i z .  -------- ,   , ——  * ------- • and " „
C 4 - C H 4 - H C H  C H
H
I t  i s  p o s s i b l e  t h a t  the  -  gen otyp e  i s  i n v i a b l e  as  i t
H
i m p l i e s  t h a t  th e  woman s h o u ld  b e  a h a e m o p h i l i c .
P e d i g r e e  G c o n t a i n s  t h e  o n ly  example o f  
c r o s s i n g - o v e r  i n  th e  m a t e r i a l  examined.  I t  i s
p o s s i b l e  t h a t  I I . 4 i s  a  m osa ic  who was o r i g i n a l l y
i n  which case  b o th  ty p e s  o f  t i s s u e  would b e  p r e s e n t  i n  
h e r  o v a r i e s  and a l th o u g h  t h e  p r o b a b i l i t y  i s  n o t  g r e a t
d e m o n s t r a te d  u n t i l  i t  o c c u r s  i n  t h e  gametes  o f  a woman 
who co u ld  n o t  be  a m osa ic .
B e l l  and Haldane co n c lu d ed  t h a t  t h e  l i n k a g e  
i n v e s t i g a t e d  between c o l o u r - b l i n d n e s s  and h a e m o p h i l i a  
was so c l o s e  t h a t  on q u i t e  a  sm a l l  amount o f  m a t e r i a l  
i t  was d e m o n s t r a te d  w i t h o u t  l e a v i n g  g rounds  f o r  r e a s o n a b l e  
d o u b t s .  S ince  h a e m o p h i l i a  can  be  d e t e c t e d  b e f o r e
c o l o u r - b l i n d n e s s ,  t h i s  s tu d y  has  g o t  no p r o g n o s t i c  
s i g n i f i c a n c e ,  b u t  i f  an  e q u a l l y  c l o s e  l i n k a g e  co u ld  be  
found  b e tw een  th e  genes  d e te r m in in g  b l o o d  groups  and 
t h a t  d e t e r m i n i n g  H u n t in g to n ’ s c h o re a ,  we sh o u ld  be  a b l e  
t o  p r e d i c t  i n  many c a s e s  which c h i l d r e n  o f  an  a f f e c t e d  
p e r s o n  would deve lop  t h e  d i s e a s e .
The p r o b a b i l i t y  t h a t  t h e  r e s u l t s  a t t r i b u t e d  
t o  l i n k a g e  cou ld  have a r i s e n  by  sam p l in g  i s o l e s s  
t h a n  4 X 1 0  B e l l  and Haldane assumed t h a t  th e
f r e q u e n c y  o f  c r o s s i n g  o v e r  was a s  l i k e l y  t o  l i e  below 
5 f<> a s  above i t .
b u t  i n  whom a  p o r t i o n  was m u ta te d  to
c e  ° r  C -f-
i t  i s  p o s s i b l e C r o s s in g - o v e r  w i l l  n o t  b e  c o n c l u s i v e l y
S h o r t l y  a f t e r  t h e  p u b l i c a t i o n  o f  t h i s  work by 
B e l l  and  Haldane Pedifcree  H was i n v e s t i g a t e d  by 
m y s e l f  ( R i d d e l l  1938) and an  addendum t o  i t  was 
w r i t t e n  by  P r o f .  H a ld an e .  This  addendum i s
i n c l u d e d  i n  t h i s  t h e s i s  a s  a n  a p p en d ix  (Appendix  2 ) .
I  have  been  on th e  lo o k  o u t  f o r  f u r t h e r  f a m i l i e s  o f  
t h i s  t y p e  so f a r  u n s u c c e s s f u l l y ,  b u t  I  have  had p e r s o n a l  
communications from P r o f .  0 .  V e rso h u e r  ( F r a n k f u r t )  
and  Dr. P .J .W a ard e n b u rg  (H o l l a n d )  r e g a r d i n g  p e d ig r e e s  
i n  which  b o t h  c o l o u r - b l i n d n e s s  and h a e m o p h i l i a  had 
o c c u r r e d .  I t  would a p p e a r  t h a t  c l i n i c a l  work
done upon f a m i l i e s  such a s  t h e s e  may c o n t r i b u t e  m a t e r i a l  
o f  c o n s i d e r a b l e  v a lu e  to  p r o g r e s s  i n  o u r  knowledge o f  
human h e r e d i t y .
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P e d ig r e e  G .
A Haem ophi l ic  and C o lo u r - B l in d  P e d i g r e e .
This  p e d ig r e e  was found  as  a r e s u l t  o f  d e l i b e r a t e  
s e a r c h  amongst known h a e m o p h i l i c  f a m i l i e s  i n  the  
West o f  S c o t l a n d .  I t  was t h e  f i r s t  one i n  which 
I  found  c o l o u r  b l i n d n e s s  i n  a s s o c i a t i o n  w i th  
h a e m o p h i l i a .  The d e t a i l s  of  t h e  p e d ig r e e  a re
a s  f o l l o w s :
I I . 4 .  Mrs.  H . , aged 52 y e a r s  ( 1 ^ 6 ) ,  i s  a  h e a l t h y  
w o r k i n g - c l a s s  woman o f  s m a l l  s t a t u r e .  She
i s  th e  f o u r t h  c h i l d  o f  a f a m i ly  o f  s e v e n ,  t h r e e  
males  and f o u r  f e m a le s .  Three b r o t h e r s  and 
two s i s t e r s  a r e  m a r r ie d  and have f a m i l i e s .
None o f  them i s  a b l e e d e r .  Her f a t h e r  d i e d  
when se v en ty  and h e r  m other  when e i g h t y - o n e .
She has  no knowledge o f  b l e e d e r s  amongst h e r  
r e l a t i v e s .  Her c o lo u r  v i s i o n  i s  norm al .
I I I . l .  T. H. aged 33 y e a r s  ( 1 9 3 ^ ) ,  i s  an  unemployed 
hammerman. He i s  a  h e a l t h y  l o o k in g  man and 
h a s  had no s e r i o u s  i l l n e s s .  He i s  n o t  a 
b l e e d e r .  I n  August 193^» he was examined 
w i t h  I s h i h a r a ' s  c a rd s  w i t h  t h e  f o l lo w in g
r e s u l t : -  12:5  6:2  21 : -  - : -  - : 5  2 : -  - : -  - : .
This  i n d i c a t e s  r e d - g r e e n  b l i n d n e s s .  U f t fd r td n a te ly
I I I . 2
i l l  .3 
I I I . 4
71
t h i s  man would n o t  a g re e  to  more d e t a i l e d  
e x a m in a t io n .  S e v e r a l  a t t e m p t s  were made to  
g e t  h i s  c o - o p e r a t i o n  w i t h o u t  s u c c e s s .  When 
examined i n  Augus t  he in fo rm e d  me t h a t  he had 
no d i f f i c u l t y  i n  r e a d i n g  c o lo u r e d  numbers ,  
which he had s e en  b e f o r e  when examined f o r  
s e r v i c e  p u r p o s e s .  This  p o i n t  was i n q u i r e d  
i n t o  th rough  o f f i c i a l  c h a n n e ls  and th e  f o l l o w i n g  
i n f o r m a t i o n  was o b t a i n e d .  He was examined in  
J u l y ,  1930, w i th  I s h i h a r a 1s t e s t  w i t h  th e  
fo l l o w in g  r e s u l t : -  12:3  5•2  2 1 : -  - : 5  2:
-  With tb e  lamp, g re e n  a f t e r  s i g n a l
g r e e n  was c a l l e d  w h i t e .  Yel low a f t e r  r e d  
was c a l l e d  w h i t e .  Both  w i th  a number t h r e e  
a p e r t u r e .  His c e n t r a l  v i s i o n  and f u n d i  were 
no rm al .  This  man i s  n o t  a b l e e d e r ,  b u t  i s  
a c o lo u r  d e f e c t i v e  p e r s o n .  He i s  m a r r i e d  
and has  one d a u g h te r  aged 7 y e a r s  -  I V . l .
This  woman i s  a  m a r r i e d  d a u g h te r ,  aged  29 y e a r s  
(1 9 3 6 ) .  She l i v e s  i n  Canada and h a s  one 
d a u g h te r  -  I V . 2.
Th is  boy was a b l e e d e r  and d i e d  when f o u r  y e a r s  
o l d .
This  boy was a b l e e d e r  and d i e d  when t h r e e  
months o l d .
III.5
in.fi
I I I  .7
. J .  H. was a l s o  a b l e e d e r  and was b r o u g h t  up w i th  
g r e a t  d i f f i c u l t y  owing to  f r e q u e n t  d i s a b l i n g  
h a e m o r rh a g e s .  He d ie d  aged 21 y e a r s .  P ho to g ra p h s  
o f  t h i s  member o f  th e  f a m i ly  showed a w e l l -  
d e v e lo p e d  h e a l t h y  l o o k in g  y o u t h .
. H. M. i s  a  he §.1 th y  g i r l  o f  lR y e a r s .  She has  
n e v e r  shown any tendency  t o  b r u i s i n g  o r  of  
b l e e d i n g s  i n t o  j o i n t s .
. R. H. i s  12 y e a r s  o l d  ( 1936) .  He has  b r u i s e d  
e a s i l y  and has  had s w e l l i n g s  o f  h i s  j o i n t s  e v e r  
s i n c e  he  was b o r n .  On one o c c a s i o n  he  l o s t  
b l o o d  f o r  a f o r t n i g h t  f o l l o w i n g  upon a  t o o t h  
e x t r a c t i o n .  He has  been  i n  h o s p i t a l  on two 
o c c a s i o n s  and has r e q u i r e d  b lo o d  t r a n s f u s i o n . .
Two y e a r s  ago be was s t r u c k  on th e  l e f t  w r i s t  
by a c r i c k e t  b a l l .  This  i n j u r y  was fo l lo w e d  
by haemorrhage i n t o  th e  j o i n t s  and a n a e s t h e s i a  
o f  th e  f i n g e r s .  He s u b s e q u e n t l y  b u rn e d  h i s  
f i n g e r s .  The t i p s  o f  t h r e e  o f  them became 
g angrenous  and were l o s t .  He i s  a w e l l - n o u r i s h e d  
and h e a l t h y  l o o k ih g  boy and i s  n o rm a l ly  dev e lo ped  
f o r  h i s  ag e .  His e d u c a t io n  has  been  h and icap p ed  
s e v e r e l y  owing to  h i s  f r e q u e n t  ab sence  from 
s c h o o l .  In  August  193^ he was examined w i th  
I s h i h a r a * s  c a rd s  w i th  the  f o l l o w i n g  r e s u l t - - 
1 2 : -  - : 2  2 1 : -  - : -  - : 5  2 : -  - : -  - : .  This t e s t
7^
was r e p e a t e d  i n  O c to b e r ,  1936, when th e  answers  
g iv e n  were th e  same. The d e f e c t  was conf i rm ed  
by means o f  S t i l l i n g ' ?  p l a t e s  ( n i n e t e e n t h  e d i t i o n ,  
193^ ,  L e i p z i g ) .  I n  t h i s  s e r i e s  he r e a d  N o s . l ,  
2 , 7 . 9 . 2 4  and 31 c o r r e c t l y .  I n  p l a t e s  1(5,18,20,
32 and 33 he r e a d  one f i g u r e  c o r r e c t l y  and th e  
o t h e r  i n c o r r e c t l y  ( t h e s e  p l a t e s  c o n s i s t  o f  two 
n u m e r a l s ) .  He was unab le  to  see  any f i g u r e s  
on P l a t e s  3 , 4 , 5  ,6  , 8 , 1 0 , 1 1 , 1 2  , 1 3 * 1 4 . 1 5 , 1 7 . 1 9 , 2 1 ,  
22 ,23  and 3 4 . P l a t e s  25 to  30 i n c l u s i v e  were 
n o t  u sed  i n  th e  t e s t .  The t e s t  was r e p e a t e d  
tw ic e  i n  good d a y l i g h t .  His c e n t r a l  v i s i o n  and 
f u n d i  were n o rm a l .  This  boy i s  a  b l e e d e r  and 
i s  c o lo u r  d e f e c t i v e .
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A H aem o p h i l ic  and C o lo u r - B l in d  P e d i g r e e .
The p r e s e n t  p e d ig r e e  r e s u l t e d  from th e  m a r r i a g e  o f  a 
h a e m o p h i l i c  t o  a member o f  a c o l o u r - d e f e c t i v e  f a m i ly .  
They had  f o u r  d a u g h t e r s .  One d a u g h t e r  had  a 
h a e m o p h i l i c  son and a n o t h e r  a c o l o u r - d e f e c t i v e  son .
I  am i n d e b t e d  to  Dr. Andrew Law o f  B r o d ic k  f o r  g e t t i n g  
me i n t o  touch  w i th  th e  f a m i l y .  He a t t e n d e d  a
h a e m o p h i l i c  member, I V . 1^ ,  d u r in g  h i s  l a s t  i l l n e s s .
The o n ly  l i v i n g  h a e m o p h i l i c  was V.10 and h i s  c o l o u r  
v i s i o n  was n o rm a l .  I t  was r e p o r t e d  t h a t  V.13 was
c o l o u r - d e f e c t i v e  and a s  t h i s  i n d i v i d u a l  l i v e d  i n  England 
i t  was on ly  a f t e r  some d i f f i c u l t y  t h a t  he was examined. 
He was found  to  have  d e f e c t i v e  c o l o u r  v i s i o n .
This  f a c t  made t h e  p e d ig r e e  o f  g r e a t  i n t e r e s t  
and  i t  was i n v e s t i g a t e d  more f u l l y .  To th e  r i g h t
s i d e  o f  th e  c h a r t  t h e  o r i g i n a l  h a e m o p h i l i c  p e d ig r e e  
i s  shown and to  th e  l e f t  th e  members o f  t h e  c o l o u r -  
d e f e c t i v e  f a m i l y .  The l i n k  be tw een  was p r o v id e d
by I I I . 7 who was m a r r i e d  t w i c e .  Her f i r s t  husband
was I I I . 8 ,  a  h a e m o p h i l i c  who d i e d  when 29 fo l lo w in g
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an a c c i d e n t  w i th  p l a t e  g l a s s .  They had f o u r  d a u g h t e r s ,  
I V . 1 1 f 12,  1^ ,  and  1 4 .  They have a l l  g o t  normal
c o l o u r  v i s i o n .  The e l d e s t  d a u g h t e r ,  I V . 11 had  t h r e e
so n s  a l l  w i t h  norm al  c o lo u r  v i s i o n ,  h u t  V.10 i s  a 
h a e m o p h i l i c .  The two m idd le  d a u g h te r s  were u n m a r r i e d .
The y o u n g e s t ,  I V . 14 ,  had  two d a u g h te r s  and  one so n .
Her husband had  normal  c o l o u r  v i s i o n .  The son ,  V .13 ,
h a s  d e f e c t i v e  c o lo u r  v i s i o n .  The son  o f  V.12 i s  n o t
a h a e m o p h i l i c  b u t  i s  to o  young to  have h i s  v i s i o n  t e s t e d  
s a t i s f a c t o r i l y .
1 . 1  and 2 were f i r s t  c o u s in s  and l i v e d  i n  the  
n e ig h b o u rh o o d  o f  N e w c a s t l e -u p o n -T y n e . They had
t h r e e  c h i l d r e n .  The y o u n g e s t ,  I I . 5 ,  had t h r e e
h a e m o p h i l i c  sons  and one d a u g h t e r .  This  d a u g h te r  
was known t o  have m a r r i e d  and had a  f a m i l y ,  b u t  no more 
d e t a i l s  were  a v a i l a b l e .  The only  s u r v i v i n g  member
o f  t h e  f a m i ly  o f  I I . 3 was I I I . 14.  His c o l o u r  v i s i o n  
was n o rm a l .
I n  t h e  c o l o u r - b l i n d  s i d e  o f  t h e  p e d ig r e e  one 
s u r v i v i n g  c o l o u r - d e f e c t i v e  p e rson  was found ,  I V . 10.
He i s  a s t e p - b r o t h e r  o f  t h e  f o u r  s i s t e r s  and i s  a 
d raugh tsm an  by t r a d e .  He h a s ■o c c a s i o n a l  d i f f i c u l t y
w i t h  r e d  l i n e s  i n  a  d raw in g .  E xam ina t ion  r e v e a l e d
a g r o s s  c o l o u r  d e f e c t .  I t  i s  w e l l  known t h a t  
d raugh tsm en  and e n g r a v e r s  a r e  f r e q u e n t l y  c o l o u r - b l i n d  
( B e l l ,  1926) .  I  was in form ed i n d e p e n d e n t ly  by I V .10
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and 14 t h a t  I V . 4 was v e r y  a n x io u s  to  go to  s e a  as  a 
young man, b u t  was u n a b le  t o  do so owing to  d e f e c t i v e  
c o l o u r  v i s i o n .  He l i v e s  i n  Canada and h a s  l o s t
to u c h  w i th  h i s  r e l a t i v e s  i n  t h i s  c o u n t r y .  I V . 12
and 13 in fo rm e d  me t h a t  t h e i r  g ran d m o th e r  u s e d  to  say 
t h a t  i t  d id  n o t  m a t t e r  what c o l o u r  o f  d r e s s  th e y  wore 
a s  f a r  as  h e r  husband  was c o n c e rn e d .  T h is  m a t t e r
seems to  have  been  a f a m i ly  J o k e .  My e n q u i r i e s  
r e g a r d i n g  c o l o u r  v i s i o n  i n  t h i s  b r a n c h  o f  t h e  p e d ig r e e  
c a u s e d  no s u r p r i s e ,  b eca u se  th e y  a l l  seemed to  know 
so m e th in g  a b o u t  i t  b e in g  i n  th e  f a m i l y .  T h e re fo re
1 1 . 1 and I V . 4 a r e  i n d i c a t e d  on th e  c h a r t  as  c o lo u r  
d e f e c t i v e s .
The v a r i o u s  members o f  th e  p e d ig r e e  who have  been  
examined a r e  marked w i th  a  s t a r .  One h a e m o p h i l i c
w i t h  norm al  c o l o u r  v i s i o n ,  two c o l o u r - d e f e c t i v e  
i n d i v i d u a l s ,  and t e n  normal  p e o p le  ( i n c l u d i n g  the  
h u sb an d  o f  I V . 14) were f o u n d .  P a r t i c u l a r s  o f  the  
i n d i v i d u a l s  i n  th e  p e d ig r e e  a r e  g iv e n  as  f o l l o w s :
1 .1  & 2 .  were f i r s t  c o u s in s  and l i v e d  n e a r  N e w cas t le -
upon-Tyne .
1 1 . 1 Was w e l l  o v e r  70 when he d i e d  and was known to
have d e f e c t i v e  c o lo u r  v i s i o n  by I V . 13 and 14.
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1 1 . 4 N a t h a n i e l  S .  n o t  a b l e e d e r .
1 1 . 5 Mrs .  D.
1 1 1 .1  James H. l i v e d  i n  London and was a  l i t h o g r a p h e r .  
N o th in g  i s  known o f  h i s  v i s i o n ,  b u t  h i s  o c c u p a t i o n  
i s  o f  i n t e r e s t .
1 1 1 . 2 V i c t o r  Emmanuel H. was n o t  m a r r i e d .  A J o i n e r  
by t r a d e .
1 1 1 . 3 Magnus Samuel H. was m a r r i e d  and had two d a u g h t e r s .
1 1 1 .4  B a r b a r a  H. was n o t  m a r r i e d .
1 1 1 . 5 J e an  H. (Mrs S . )  had t h r e e  c h i l d r e n .
1 1 1 . 7 E l i z a b e t h  H. was m a r r i e d  t w i c e .  Her f i r s t  
husband  was I I I . 8 and h e r  se co n d  I I I . 6 .  She 
had  e i g h t  c h i l d r e n ,  f o u r  i n  each s i b s h i p .
1 1 1 . 8 John L.  was d e f i n i t e l y  a b l e e d e r .  He was a 
J e w e l l e r  and d i e d  as  a r e s u l t  o f  p u t t i n g  h i s  
elbow th ro u g h  a  sh o w -case .  He l i v e d  i n  the  
s o u t h  o f  S c o t l a n d .
1 1 1 . 9 Mrs .  B. was th e  mother  o f  a h a e m o p h i l i c ,  I V . l 6 .
1 1 1 . 10 Mrs.  P. had  s i x  c h i l d r e n ,  none o f  whom was a f f e c t e d .
1 1 1 . 11 Mrs .  M. had  no f a m i l y ,  I I I . 12 and 13 were n o t  
m a r r i e d .
I I I . 14 James L . ,  a e t . 7 0  ( 1 9 3 ^ ) ,  was t h e  y o u n g e s t  o f  the  
f a m i l y .  He i s  a p l a s t e r e r  by t r a d e .  Never had 
any haem orrhages  and h i s  c o l o u r  v i s i o n  was norm al .  
Examined.
I I I . 1 5 , 1 6  and 1 7 . John D . , N a t h a n i e l  D . , C u t h b e r t  D. 
were a l l  b l e e d e r s  and d i e d  when young.  T h e i r  
s i s t e r  B e l l a ,  I I I . 1 8 ,  was m a r r i e d  and a p p a r e n t l y  
had  a  f a m i l y ,  b u t  even h e r  m a r r i e d  name was n o t  
r e c a l l e d .
I V . 4 A l f r e d  S. l i v e s  i n  Vancouver .  D e s i r e d  to  go to  
s e a  a s  a  young man, b u t  was u n a b le  to  do so owing 
to  d e f e c t i v e  c o l o u r  v i s i o n .  T h is  s t a t e m e n t  was 
made by I V . 10 and I V . 14 i n d e p e n d e n t l y .  They 
have l o s t  touch w i t h  him.
I V .5 & 6 a r e  b o th  dead .
I V . 7 .  Mrs .  L. i s  d ead .  She had two d a u g h t e r s .
IV . 8 John B. l i v e s  i n  T o ro n to .  As f a r  as  i s  known
h i s  c o l o u r  v i s i o n  i s  no rm al .
I V . 9 Annie  B. was u n m a r r i e d .
I V . 10 F rank  B . ,  a e t .  5 0 ,  i s  a  d raug h tsm an .  He had
no c o m p la in t  a b o u t  h i s  v i s i o n  e x c e p t  t h a t  he  had 
d i f f i c u l t y  w i th  r e d  l i n e s  when d o in g  a  t r a c i n g .
He i s  a  non-sm oker .  He was examined w i th  I s h i h a r a ' s  
P l a t e s ,  4 t h  and ? t h  e d i t i o n s ,  S t i l l i n g ’ s P l a t e s ,
1 9 th  e d i t i o n ,  and with, th e  bead  t e s t  (M eyrow i tz ) .
He f a i l e d  i n  a l l  o f  them. When t e s t e d  w i th  
I s h i h a r a ,  4 t h  e d i t i o n ,  h i s  r e a d i n g s  were 1 2 : -  - :
2 2 1 : -  - : -  - : 5  2 : -  - : .  With t h e  bead  t e s t  he 
was u n a b le  to  f i n d  a s u i t a b l e  h o l e  f o r  f i v e  
o bv ious  y e l l o w s ,  f o u r  g r e e n s  and t h r e e  r e d s .
His  r e d ,  y e l l o w  and b lu e  s e l e c t i o n s  were c o r r e c t  
as  f a r  as  he w e n t .  H is  g re e n  c o l l e c t i o n  
c o n s i s t e d  o f  one g r e e n  b e a d ,  sev en  p u r p l e ,  one 
s c a r l e t  and one b l u e .  Examined O c tob er  1937*
I V . 11 Mrs McR. I s h i h a r a ' s  t e s t  was no rm al .  Examined
J u l y  1936 .
I V . 12 &13. Miss I s a  L.  and Miss E l i z a b e t h  L. were b o t h
examined w i t h  I s h i h a r a ' s  t e s t  and found  to  be  normal .  
Examined December 1937.
I V . 14 & 1 5 .  Mrs. and Mr. S .  No c o l o u r  d e f e c t  found  
O c to ber  1937.
I V . 1 6 .  A r c h ib a l d  B. Died in  1931 , a e t .  4 0 .  Was known 
t o  be  a b l e e d e r .  Had b l e e d i n g s  i n t o  J o i n t s .  He 
was an am ateu r  c o n j u r o r  and n e a r l y  d i e d  as  a 
r e s u l t  o f  J u g g l i n g  w i t h  g l a s s  b o t t l e s  when he c u t  
h i s  arm.
I V . 17 Andrew D. was n o t  a b l e e d e r .  Died a e t .  11 from 
d i s e a s e  o f  t h e  s p i n e .
I V . 18 John D . , a e t .  37 ( 1 9 3 ^ ) .  C o lo u r  v i s i o n  normal 
and n o t  h a e m o p h i l i c .  Examined J u l y  193&.
I V . 19 R obe r t  D. Died a e t .  37 (1926)  as  a r e s u l t  o f  a 
m otor  a c c i d e n t  i n  Canada. Not a h a e m o p h i l i c .
I V . 20 E l i z a b e t h  D. (Mrs R . ) ,  a e t .  45 ,  i s  m a r r i e d  and 
h a s  one d a u g h t e r .
I V . 21 Mary D. (Mrs D.) i s  m a r r i e d ,  b u t  h a s  no f a m i l y .
I V . 22 W il l iam  D . , a e t .  42 ,  i s  a m ar ine  e n g i n e e r .  He 
i s  n o t  a h a e m o p h i l i c  and i s  n o t  c o l o u r - b l i n d .
Examined December 1937 .
v .8
v.9
v . i o
v . n
V.12
V.13
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Donald MoR., a e t .  3 6 , i s  n o t  a b l e e d e r  and h a s  no 
c o l o u r  d e f e c t .  Examined J u l y  1936 .
John McR. ,  a e t . 34,  i s  n o t  a  b l e e d e r  and has  no 
c o l o u r  d e f e c t .  Examined J u l y  1936.
Duncan McR., a e t .  3 1 , a d e f i n i t e  h a e m o p h i l i c  b u t  
i s  n o t  a c o l o u r  d e f e c t i v e .  He g e t s  haem orrhages  
i n t o  J o i n t s  and has  had s e v e r a l  b lo o d  t r a n s f u s i o n s  
b o t h  p r e c e d i n g  and f o l l o w i n g  t e e t h  e x t r a c t i o n s .  
Examined J u l y  1936.
Mrs.  W a e t .  33* Has no f a m i l y .
Mrs.  A . ,  a e t .  27, h a s  one son l 8  months o l d .
Tom S . ,  a e t .  25, i s  n o t  a h a e m o p h i l i c .  His c o lo u r  
v i s i o n  i s  d e f e c t i v e .  He was exasmined w i th  I s h i h a r a ' s  
P l a t e s ,  4 th  and 7 ^  e d i t i o n s ,  S t i l l i n g ' s  P l a t e s ,
1 9 th  e d i t i o n ,  b e ad  t e s t  and th e  E d r idg e -G ree n  
L a n t e r n .  He f a i l e d  i n  a l l  t e s t s .  With the  
I s h i h a r a  t e s t ,  4 t h  e d i t i o n ,  th e  r e a d i n g s  were 
12:3  5 *2 2 1 : -  - : 5  2 : -  On t h e  E d r id g e -
Green L a n te r n  w i th  a p e r t u r e  No.6 he c a l l e d  s i g n a l  
g r e e n  " b lu e "  and r e d  Bk " d u l l  y e l l o w " .  With a p e r t u r e  
N o .4 he c a l l e d  r e d  B.  " r e d " ,  s i g n a l  g re e n  " w h i t e " ,  
p u r p l e  " b l u e " ,  c l e a r  " w h i t e " ,  g r e e n  " r e d " ,  y e l lo w  
" r e d " .  With a p e r t u r e  No.2 r e d  B.  " r e d " ,  s i g n a l  
g r e e n  " b l u e " ,  y e l lo w  " r e d " ,  g r e e n  "y e l lo w "  and 
r e d  A. " r e d " .  Examined Septem ber  1937*
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V.14
V I . 3
M a rg a re t  B.  i s  an o n ly  c h i l d .  She i s  n o t  m a r r i e d .  
I s  18 months o l d .  He i s  n o t  a  hafemophil ic  as  f a r  
as  i s  known, b u t  h i s  c o l o u r  v i s i o n s  has  n o t  y e t  
b e en  i n v e s t i g a t e d .
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"Some m e d ic a l  g e n e t i c i s t s  a r e  so g r e a t l y  im p r e s s e d  w i th  
t h e  im p o r ta n c e  o f  t h e  s t a t i s t i c a l  method t h a t  t h e y  
a c t u a l l y  r e g a r d  g e n e a l o g i c a l  r e s e a r c h  as  u n s c i e n t i f i c .  
T h is  i s  a  most  u n f o r t u n a t e  a t t i t u d e ,  f o r  g e n e a l o g i c a l  
r e s e a r c h  has "been and w i l l  a lw ays  rem a in  th e  f o u n d a t i o n  
o f  t h e  s t u d y  o f  human h e r e d i t y . "
P r o f . F r i t z  l e n z .
P a r t  I I I .
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Blue  S e l e r o t i c s  and A s s o c i a t e d  C o n d i t i o n s .
This  p a r t  o f  th e  t h e s i s  i s  co nce rn ed  w i t h  Blue  S e l e r o t i c s ,  
B r i t t l e  Bones and D e a fn e s s .  P e d i g r e e s  I  and J  were
worked o u t  some y e a r s  ago and were i n c l u d e d  i n  th e  
" N e t t l e s h i p  Memorial Volume" o f  th e  T r e a s u r y  o f  Human 
I n h e r i t a n c e .  P e d ig r e e  K was found to  c o n t a i n
c o l o u r  d e f e c t i v e  i n d i v i d u a l s  and th e  b l o o d  group  and 
p h e n y l - t h i o - c a r b a m i d e  r e a c t i o n s  were a l s o  i n v e s t i g a t e d .  
This  p e d ig r e e  i s  to  be p u b l i s h e d  i n  a  fo r th c o m in g  
number o f  t h e  Annals o f  E u g en ic s .
P e d i g r e e s  I  and K were found  i n  t h e  West o f  S c o t l a n d .  
I t  i s  o f  i n t e r e s t  to  r e c o r d  t h a t  S te v e n s o n  and C u th b e r t so n  
(1931) r e p o r t e d  f o u r  p e d i g r e e s  a l s o  from th e  West o f  
S c o t l a n d ,  and t h a t  Dr. U sher  i n  a p e r s o n a l  communication 
i n fo rm e d  me t h a t  he had o n ly  s e en  one su ch  case  i n  h i s  
wide e x p e r i e n c e  o f  h e r e d i t a r y  eye d i s e a s e .  H i s  p e d ig r e e  
c o n ta in e d  one a f f e c t e d  i n d i v i d u a l .  Two o t h e r  s i n g l e  
c a s e s  have been  r e p o r t e d  i n  th e  B r i t i s h  l i t e r a t u r e  (H u n te r  
1927 and S tev en son  and C u th b e r t s o n  1931)* I t  I s  
c u r i o u s  t h a t  s i x  sh o u ld  be r e p o r t e d  from one p a r t  of  
S c o t l a n d  and only  one, and t h a t  a  s m a l l  one,  from a n o t h e r .  
An a n a log o us  p o s i t i o n  i s  t o  be  found  i n  th e  l i t e r a t u r e  
o f  b r a c h y d a c t y l y . Most b r a c h y d a c t y l s  a r e  c o n f in e d  
t o  a s m a l l  l o c a l i t y  i n  North  Wales (Hogben 1939)*
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There  i s  l i t t l e  d o u b t  t h a t  more t h a n  one 
i n h e r i t e d  f a c t o r  i s  c o n ce rn e d  i n  t h e  p r o d u c t i o n  o f  
t h i s  syndrome. One c l i n i c a l  f e a t u r e  i n  common
i s  th e  b l u e  s e l e r o t i c s ,  t h e  o t h e r  f e a t u r e s  may occu r  
s e p a r a t e l y ,  b u t  b lu e  s e l e r o t i c s  a r e  on ly  found  in  
a s s o c i a t i o n  w i t h  one o r  more o f  t h e  g r o u p .  This
f a c t  makes th e  s i n g l e  c a se  p e d i g r e e s  o f  t h e  g r e a t e s t  
i n t e r e s t .  I f  we assume t h a t  such  a  case  a r i s e s
from m u t a t i o n  o r  from l i n k a g e  o f  two f a c t o r s ,  one 
c o n t r i b u t e d  by each p a r e n t ,  t h e  e s t a b l i s h m e n t  o f  such  
a  syndrome becomes p o s s i b l e .  I f  such  a p e r s o n  
m a r r i e d  a c a r r i e r  o f  o t o s c l e r o s i s  t h i s  p a r t  o f  th e  
syndrome m igh t  become a c c e n t u a t e d .  There i s  some
e v id e n c e  o f  t h i s  i n  P e d ig re e  K where th e  f a m i ly  of
I V . 12 and 13 a r e  d e a f  a t  an e a r l i e r  age t h a n  i n  the  
o t h e r  f a m i l i e s  i n  th e  p e d ig r e e  and th e  i n c i d e n c e  
o f  myopia i s  marked.  The b l u e  s e l e r o t i c s  were
t r a n s m i t t e d  by I V . 12,  b u t  I V . 13 has  a  f a m i ly  h i s t o r y  
o f  myopia and i f  we assume t h a t  she was a c a r r i e r  o f  
o t o s c l e r o s i s  a s  w e l l ,  t h e  a c c e n t u a t i o n  o f  t h e s e  
f e a t u r e s  might  be a cc o u n te d  f o r .
I  am aware t h a t  t h e s e  s u g g e s t i o n s  a r e  s p e c u l a t i v e  
and  t h a t  t h e r e  a r e  o t h e r  obvious  p o s s i b i l i t i e s ,  
f o r  example myopia, o r  r a t h e r  t h e  f a c t o r s  conce rned  
i n  myopia ,  might have  a m o d i fy in g  i n f l u e n c e  upon th e
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g e n e s  c o n c e rn e d .  T h is  s u g g e s t i o n  was made t o  me
by  Dr. Gordon, a s s i s t a n t  t o  P r o f .  Hogben i n  Aberdeen .  
Such m o d ify in g  gene e f f e c t s  a r e  w e l l  r e c o g n i s e d  i n  
a n im a l  g e n e t i c s .
I n  t h e  f i r s t  f a m i ly ,  P e d i g r e e  I ,  no o t h e r  con­
d i t i o n s  were o b se rv ed  e x c e p t  t h o s e  a s s o c i a t e d  w i t h  the  
c l a s s i c a l  syndrome. The second  f a m i l y ,  P e d i g r e e  J ,
p ro v e d  to  be o f  v e ry  g r e a t  i n t e r e s t ,  b e c a u s e  on lo o k in g  
i n t o  t h e  h i s t o r y  i t  was found  to  f i t  i n  w i t h  a c c o u n ts  
p r e v i o u s l y  p u b l i s h e d  by B isho p  Ilarman (1910)  and 
Sydney S tep hen so n  (1910 and 1915)* I t  i s  o f  g r e a t  
im p o r ta n c e  t h a t  h i s t o r i e s  such  a s  t h i s  s h o u l d  become 
l i n k e d  t o g e t h e r  as  f r e s h  i n f o r m a t i o n  becomes a v a i l a b l e .  
Many problems a r i s e  i n  human h e r e d i t y  which  c an no t  be 
s t u d i e d  w i t h o u t  e x t e n s i v e  p e d ig r e e  m a t e r i a l .  That
t h i s  may e x te n d  over  long  p e r i o d s  i s  w e l l  shown by 
t h e  N ougare t  n i g h t  b l i n d  p e d ig r e e  a l r e a d y  r e f e r r e d  
t o ,  which has  been  t r a c e d  f o r  t h r e e  h u n d red  y e a r s .  
Knowledge o f  t h e  h a e m o p h i l i c s  i n  th e  Royal  Houses o f  
Europe i s  a n o t h e r  example o f  a p a t h o l o g i c a l  p e d i g r e e ,  
e x t e n d i n g  o v e r  s e v e r a l  g e n e r a t i o n s ,  and f u l l y  
s t u d i e d .
The t h i r d  b lu e  s c l e r o t i c  p e d i g r e e ,  c h a r t  K, was 
worked o u t  i n  c o n s i d e r a b l e  d e t a i l  f o r  o t h e r  f a c t o r s .
C o l o u r - b l i n d  i n d i v i d u a l s  were found  and b lo o d  g r o u p in g  
and t a s t e - t e s t i n g  were c a r r i e d  o u t  i n  a d d i t i o n .  Thus 
t h e  f a m i ly  was i n v e s t i g a t e d  f o r  a t  l e a s t  f i v e  h e r e d i t a r y  
f a c t o r s  w i t h  t h e  o b j e c t  o f  f i n d i n g  o u t  w h e th e r  o r  n o t  
t h e s e  f a c t o r s  were b e i n g  i n h e r i t e d  i n d e p e n d e n t l y .
They were t h e  b l u e  s c l e r o t i c  g ro u p ,  c o l o u r - b l i n d n e s s ,
A -  B -  0 b l o o d  group  sy s te m ,  t h e  M -  If b l o o d  g roup  sy s te m ,  
and t h e  gen es  conce rned  w i t h  t h e  a b i l i t y  to  t a s t e  p h e n y l -  
t h i o - c a r b a m i d e . As c o l o u r - b l i n d n e s s  i s  known t o  be
c o m p le t e ly  s e x - l i n k e d  and t r a n s m i t t e d  on th e  X- 
chromosome, i t  would be e x p e c te d  t o  s e g r e g a t e  q u i t e  
s e p a r a t e l y  from th e  b l u e  s c l e r o t i c  g roup  and t h i s  was 
found  i n  f a c t .  The r e l a t i o n s  o f  t h e  two b l o o d  group
sy s te m s  and th e  t a s t e  f a c t o r s  t o  t h e  b l u e  s e l e r o t i c s  
was q u i t e  unknown, b e c a u s e  no p e d ig r e e  had been  worked 
o u t  b e f o r e .  C o n d i t io n s  which a r e  n o t  c o n t r o l l e d
by f a c t o r s  i n  th e  sex-chromosomes a r e  c a l l e d  a u to s o m a l .  
There a r e  i n  man t w e n ty - f o u r  p a i r s  o f  chromosomes, and 
i t  f o l lo w s  t h a t  t h e s e  f o u r  c o n d i t i o n s  a r e  c o n t r o l l e d  
b y  g e n e s  p r e s e n t  i n  one o r  more o f  th e  t w e n t y - t h r e e  
a u to s o m a l  chromosome p a i r s .  I f  two o r  more o f  them 
were c o n t r o l l e d  by genes  s i t u a t e d  upon th e  same chromo­
some p a i r  some ev id en ce  o f  l i n k a g e  m igh t  have been  
f o u n d .  This  would be  an a logous  t o  th e  l i n k a g e
a l r e a d y  d e s c r i b e d  i n  p a r t  I I ,  r e l a t i n g  t o  h a e m o p h i l i a  
and c o l o u r - b l i n d n e s s .
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The e x i s t e n c e  o f  f o u r  b l o o d  g ro up s  showing 
d i f f e r e n c e s  i n  t h e i r  a b i l i t y  to  clump t o g e t h e r  r e d  
b l o o d  c o r p u s c l e s  was d i s c o v e r e d  by L a n d s t e i n e r  i n  
1900 .  An enormous amount o f  work h a s  been  done
on t h i s  s u b j e c t  and t h e  h e r e d i t a r y  n a t u r e  o f  th e  
two a g g l u t i n o g e n s , A and B, i s  c o m p le te ly  e s t a b l i s h e d .
By t h e i r  p r e s e n c e  t o g e t h e r  o r  s e p a r a t e l y  o r  by t h e i r  
a b se n c e  b lo o d  can  be grouped  a s  A B, A,B, o r  0 .
About t e n  y e a r s  ago two more f a c t o r s  K and N were found .  
These a r e  i n h e r i t e d  q u i t e  i n d e p e n d e n t l y  o f  th e  o t h e r s  
a n d  form t h r e e  groups  M, N, and M N. F u r t h e r  f a c t o r s
F, G, H, P ,  and Q a r e  ° l s o  known. The p r a c t i c a l
im p o r ta n c e  o f  t h e  o r i g i n a l  f o u r  g roups  i n  r e l a t i o n  to  
b l o o d  t r a n s f u s i o n  h a s  tended  to  r e l e g a t e  t h e  o t h e r  
g ro u p s  to  a  s u b s i d i a r y  p o s i t i o n  i n  t h e  eyes  o f  c l i n i c i a n s .  
T h is  v iew i s  n o t  th e  c o r r e c t  one .  The more r e c e n t
b l o o d  g ro u ps  e x i s t  i n  t h e i r  own r i g h t  and w i t h  in d e p e n ­
d e n t  d i s t r i b u t i o n s .  "We may lo o k  upon t h e  a n t i g e n i c
s t r u c t u r e  o f  any i n d i v i d u a l  a s  a m o sa ic .  I t  i s  a
v e r y  s t r i k i n g  and i n t e r e s t i n g  f a c t  t h a t  an a n t i g e n  
a p p e a r s  i n  one s p e c i e s  a s  a  s p e c i e s  c h a r a c t e r ,  w h i l s t  
i t  a p p e a r s  i n  a n o th e r  s p e c i e s  a s  a  group  c h a r a c t e r .
Thus F o r s sm a n -a n t ig e n  (F) i s  common to  a l l  sh e e p ,  
w h i l s t  i n  man i t  forms a p a r t  o f  g roup  c h a r a c t e r  A.
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B - l i k e  s u b s t a n c e  i s  found i n  a l l  r a b b i t s  b u t  i n  man 
i t  i s  c o n f in e d  t o  group  B. What g i v e s  t h e  Land-
s t e i n e r  sys tem  i t s  p a r t i c u l a r  s tamp i s  th e  r e g u l a r  
p r e s e n c e  o f  a n t i b o d i e s ,  t h e  i s o - a g g l u t i n i n s ,  i n  the  
se rum , b u t  i n  a l l  p r o b a b i l i t y  t h e  o c c u r r e n c e  o f  t h e s e  
a n t i b o d i e s  i s  t o  be r e g a r d e d  a s  a  se co n da ry  f e a t u r e .  
Most o f  t h e  b lo o d  g ro u p in g  sys tem s  which we know i n  
man and i n  a n im a ls  a re  n o t  a s s o c i a t e d  w i t h  t h e  o c c u r ­
r e n c e  o f  a n t i b o d i e s "  ( F r i e d e n r e i c h  1938) .  There
a r e  r a c i a l  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  a l l  th e  
g r o u p s  e s t a b l i s h e d  so f a r .  With r e g a r d  to  the
i n h e r i t a n c e  o f  b lo o d  g ro u p s ,  th e  p r e s e n t  v iew  i s  t h a t  
t h e r e  a r e  f o r  t h e  A -  B -  0 sys tem  t h r e e  b l o o d - g r o u p in g  
g e n e s  a l l  l o c a l i s e d  i n  th e  same chromosome. I n  t h e i r
p a r t i c u l a r  l o c a t i o n  i n  th e  chromosome and i n  each  
chromosome p a r t n e r ,  i s  e i t h e r  th e  A g e n e ,  th e  B gene ,  
o r  t h e  0 gene ,  w i th  A and B dominant  t o  0 .  Thus a
m a t i n g  o f  A and B may r e s u l t  i n  a l l  f o u r  phen o ty p es  
a p p e a r i n g  i f  b o t h  A and B a r e  h e t e r o z y g o t e s .  ( F r i e d ­
e n r e i c h  1938) .
The manner i n  which t h e  t a s t e  t e s t  w a s -d e v e lo p ed  i s  
o f  i n t e r e s t .  T h is  p e c u l i a r  p r o p e r t y  o f  p h e n y l - t h i o -  
c a rb a m id e ,  upon which th e  t e s t  d e p en d s ,  was d i s c o v e r e d
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by  Fox (1932)  i n  America .  I t  i s  a  w h i t e  c r y s t a l l i n e  
powder and i s  0.26?s s o l u b l e  i n  w a te r  a t  l 8 ° C .  and 
5»939&’a ’t 100°C. I t s  c h e m ic a l  fo rm u la  i s : -
aN H C -  N H2 •Dr. Fox had  p r e p a r e d  some o f  t h i s  s u b s t a n c e  and was 
p u t t i n g  i t  i n t o  a  b o t t l e ,  when a c o l l e a g u e  Dr. R o l l e r ,  
com p la in ed  o f  t h e  e x t r e m e ly  b i t t e r  t a s t e  o f  th e  powder.  
D r .  Fox was u n a b le  to  t a s t e  i t  h i m s e l f .  The m a t t e r
was i n v e s t i g a t e d  by B l a k e s l e e  (1 9 3 2 ) who found  t h a t  
4-Ofi o f  peop le  were n o n - t a s t e r s .  F u r th e rm o re  i t
was found  t h a t  i f  two n o n - t a s t e r s  m a r r i e d ,  t h e i r  c h i l d r e n  
were  a l s o  n o n - t a s t e r s .  T a s t i n g  p a r e n t s  may have
n o n - t a s t i n g  c h i l d r e n ,  be ca u se  t h e  a b i l i t y  t o  t a s t e  
( T) i s  dominant  t o  n o n - t a s t i n g  ( t ) , so t h a t  p a r e n t s  
may have  th e  c o n s t i t u t i o n  T t ,  i n  which case  n o n ­
t a s t i n g  c h i l d r e n  may a r i s e .  I f  t h e y  a r e  homozygous,
TT, t h e n  a l l  t h e  c h i l d r e n  w i l l  be  t a s t e r s .  A
c o n s i d e r a b l e  l i t e r a t u r e  has  a r i s e n  on t h i s  s u b j e c t  
and  th e  t e s t  has  b e en  u sed  i n  t h e  s tu d y  o f  t w i n s ,  
F r i e d r e i c h ' s  a t a x i a  and m a jo r  b r a c h y d a c t y l y . The
ao
u n f o r t u n a t e  term t a s t e - b l i n d n e s s  h a s  b e en  u se d  i n  
r e l a t i o n  to  t h i s  t e s t .  The a s s o c i a t i o n  o f  the
word " b l i n d n e s s "  w i t h  i t s  s e r i o u s  i m p l i c a t i o n s  to  
a c h e m ic a l  r e s p o n s e  which i s  o f  s c i e n t i f i c  i n t e r e s t  
and  o n ly  a p p l i e s  t o  one g roup  o f  s u b s t a n c e s  seems 
t o  be  u n n e c e s s a r y .
V ar ious  methods have been  d e s c r i b e d  f o r  c a r r y i n g  
o u t  t h e  t e s t  and t h e  method which  I  employed was 
recommended by P r o f .  R .A .F i s h e r  t o  Boyd (1937)> w i th  
t h e  a d d i t i o n  o f  a  b o t t l e  o f  p l a i n  t a p  w a t e r .  The 
p a t i e n t  to  be t e s t e d  i s  g iv e n  a t e a - s p o o n f u l  o f  t h i s  
t o  t a s t e  fo l lo w e d  by a t e a - s p o o n f u l  o f  P . 3 - s o l u t i o n  
(O.OOO63 f>) and th e n  a t e a - s p o o n f u l  o f  P . 6 s o l u t i o n  
(0 .0 0 5  1°) • He i s  r e c o r d e d  as  t a s t i n g  o r  n o t  
t a s t i n g  t h e  v a r i o u s  s o l u t i o n s .  A s t r e n g t h  o f
one p a r t  i n  twenty  thousand  d i v i d e s  t h e  w or ld  i n t o  
two g r o u p s ,  t a s t e r s  and n o n - t a s t e r s .  E a s t e r n
p e o p le s  have i n  g e n e r a l  a h i g h e r  p e r c e n t a g e  o f  
t a s t e r s ,  which r e a c h e s  i t s  h i g h e s t  p o i n t  i n  the  
C h in e s e .  Males t e n d  t o  show fe w e r  t a s t e r s  
and  more b o r d e r l i n e  ca se s  t h a n  do fem a le s  (Boyd 1937)* 
Gene f r e q u e n c i e s  can be  c a l c u l a t e d  f o r  th e  a b i l i t y  to  
t a s t e  p h e n y l - t h i o - c a r b a m i d e , a s  i s  done f o r  b l o o d  g ro u p s .
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The deve lopm ent  o f  t h e s e  ’n o n - p a t h o l o g ic a l*  
i n v e s t i g a t i o n s  i n  human p e d i g r e e s  i s  l e a d i n g  to  th e  
c o n s t r u c t i o n  o f  a  h a t t e r y  o f  t e s t s .  F u r t h e r
examples a r e  t h e  i n h e r i t a n c e  o f  i r i s  c o l o u r  and 
t h e  p r e s e n c e  o r  ab sence  o f  th e  e a r  l o b e s ,  A s e r i e s  
o f  p a t i e n t s  were examined and t h e  r e f r a c t i o n ,  i r i s  
c o l o u r  and c o n d i t i o n  o f  t h e  e a r  l o b e s  were r e c o r d e d .
T h is  m a t t e r  i s  d e s r i b e d  i n  F a r t ' I V .  Ophthalmology
i s  i n  a  un ique  p o s i t i o n  i n  r e l a t i o n  to  t h e s e  normal  
f a c t o r s  b e ca u se  i n  no o t h e r  s p e c i a l t y  i s  i t  p o s s i b l e  
t o  o b s e rv e  and r e c o r d  a c c u r a t e l y  such  a  l a r g e  number, 
When t h e s e  s e r o l o g i c a l ,  chem ica l  and  o p h th a lm ic  
c o n d i t i o n s  which a r e  c o n t r o l l e d  by h e r e d i t a r y  f a c t o r s  
have  b e en  worked o u t ,  i t  w i l l  be p o s s i b l e  to  a pp ro ach
i9
t h e  p a t h o l o g i c a l  p e d i g r e e s  from a  f r e s h  a n g l e .  These 
no rm al  f a c t o r s  w i l l  p r o v id e  a s  i t  were a  g e n e t i c  
framework i n t o  which p a t h o l o g i c a l  f a c t o r s  w i l l  be 
f i t t e d .  I t  i s  o f  g r e a t  im por tance  to  e s t a b l i s h
t h e  hom ogeneity  o r  h e t e r o g e n e i t y  o f  v a r i o u s  p o p u l a t i o n s  
f o r  a l l  t h e s e  f a c t o r s .  O bv ious lv  t h i s  e n t a i l s  a
v a s t  amount o f  t e d i o u s  work i n  a  f i e l d  which i s  a t  
p r e s e n t  u n e x p lo r e d .  I t  m ig h t  be p o s s i b l e  i n  the
d i s t a n t  f u t u r e  t o  i d e n t i f y  h e t e r o z y g o t e s .  I n  p r a c t i c e  
t h i s  would mean t h a t  r e c e s s i v e  c a r r i e r s  o f  c o n d i t i o n s  
s u c h  a s  r e t i n i t i s  p igmentosa  would be i d e n t i f i e d  
and  u n s u i t a b l e  m at ings  d i s c o u r a g e d .
Q2
The f i n d i n g s  i n  P e d i g r e e  Y  a r e  n e g a t i v e  a s  
f a r  a s  l i n k a g e  b e tw een  t h e  v a r i o u s  f a c t o r s  i s  
c o n c e rn e d .  The e s t a b l i s h m e n t  o f  such  a  n e g a t i v e
h a s  a  c e r t a i n  v a l u e .  O bv ious ly  th e  chances  a g a i n s t
any two au to so m a l  f a c t o r s  b e i n g  c a r r i e d  upon t h e  
same chromosome i s  tw en ty  two t o  o n e .  By i n c r e a s i n g
t h e  number o f  f a c t o r s  i n v e s t i g a t e d  t h e  chances  a r e  
r e d u c e d  and i t  becomes more l i k e l y  t h a t  some i n t e r ­
r e l a t i o n  may be  found .  F u r t h e r  a d v an c es  i n
knowledge may i n c r e a s e  t h e  im p or tan ce  o f  such  r e c o r d s .
A good example o f  t h i s  i s  t o  be found  i n  a  p e d ig r e e  
o f  r e t i n i t i s  p igmentosa  p l a c e d  on r e c o r d  by Simeon 
S n e l l  i n  I9CH. T h i r t y - t h r e e  y e a r s  l a t e r  Haldane
p o i n t e d  o u t  t h e  p re s e n c e  o f  p a r t i a l  o r  in c o m p le te  
s e x  l i n k a g e  i n  c e r t a i n  human p e d ig r e e s  and on s e a r c h i n g  
t h e  l i t e r a t u r e  t h i s  e x c e l l e n t  example was fo u n d .
The work done upon P e d ig r e e  IC h a s  a l r e a d y  b e en  
r e f e r r e d  t o  i n  a  p a p e r  by m y se l f  ( R i d d e l l  1939"t>) and  
i t  i s  to  b e  p u b l i s h e d  i n  d e t a i l  i n  a f o r t h - c o m in g  
i s s u e  o f  th e  HAnnals o f  E u g e n ic s " ,  I t  i s  th e
l a r g e s t  p e d ig r e e  o f  th e  c o n d i t i o n  which h a s  b e en  r e p o r t e d  
and  t h e  f i r s t  t o  be  worked o u t  f o r  l i n k a g e  i n v e s t i g a t i o n .
P e d i g r e e  J l.
B lue  S c l e r o t i c s .
I n  t h i 3 p e d ig r e e  b l u e  s c l e r o t i c s  o c c u r  i n  s i x  m ales  and 
e i g h t  f em a le s  o f  f o u r  g e n e r a t i o n s .  A s i g n i f i c a n t
f e a t u r e  o f  th e  h i s t o r y  i s  t h e  f reedom from a s s o c i a t e d  
d e f e c t s  or  th e  s l i g h t  d e g ree  o f  s e v e r i t y  i n  th e  symptoms 
a s s o c i a t e d  w i th  b lu e  s c l e r o t i c s  when th e y  do o c c u r  ; 
t h u s  o f  th e  f o u r t e ° n  a f f e c t e d  members on ly  t h r e e  were 
known to  have s u f f e r e d  from f r a c t u r e s  and  i n  no case  
does  th e  h i s t o r y  j u s t i f y  t h e  d i a g n o s i s  o f  f r a g i l i t a s  
o ss ium  ; a g a i n  i n  each o f  th e  f o u r  c a s e s ;• o f  a s s o c i a t e d  
d e a f n e s s  t h e  d e f e c t  was s l i g h t .  There  i s  no r e c o r d
o f  c o n s a n g u i n i ty  i n  th e  p e d i g r e e .
1 .1  and 2 . No i n f o r m a t i o n  a v a i l a b l e .
11 .1  d i e d  a e t .  86 ; he was m a r r i e d  b u t  had no c h i l d r e n  ; 
he  was b e l i e v e d  to  be no rm al ,
I I . 3 . b e l i e v e d  to  be n o rm a l ,  d i e d  a e t . 95 ;  he had s i x  s o n s ;  
o f  whom o n e , I I I . 3 , was r e p o r t e d  t o  have had g r e y - b l u e  
s c l e r o t i c s .
1 1 . 5 i s  r e p o r t e d  to  have had  b lu e  s c l e r o t i c s  and to  have 
been  s l i g h t l y  d e a f ;  h e r  on ly  d a u g h t e r , a l l  h e r  f i v e  g r a n d ­
c h i l d r e n  and f o u r  o f  h e r  e i g h t  g r e a t - g r a n d c h i l d r e n  were 
a f f e c t e d .
1 1 . 6 d i e d  a e t . 60 o f  b r o n c h i t i s ;  a  p h o to g ra p h  o f  him 
showed a sq u a re  p ro m in en t  f o r e h e a d  and he was r e p o r t e d
to  have had  s l i g h t l y  b l u e  s c l e r o t i c s ;  he was n o t  known 
t o  have had  any f r a c t u r e s .
Of th e  c h i l d r e n  o f  I I . 3 •-
I I I . 2 , th e  e l d e s t . b e l i e v e d  to  be n b r m a l .h a d  f o u r  normal  
c h i l d r e n  a g ed  2 2 , 20 ,13  and  5 y e a r s  r e s p e c t i v e l y .
1 1 1 . 3 d i e d  a e t .  48 o f  pneumonia and was u n m a r r i e d .
1 1 1 . 4 and 6 were normal and  m a r r i e d  b u t  had no c h i l d r e n .
1 1 1 . 5 c o u ld  n o t  be  t r a c e d .
I I I . 7 d i e d  i n  i n f a n c y .
None o f  t h i s  s i b s h i p  was seen  by me.
I I I . 9 , who d i e d  a e t . 47 was r e p o r t e d  t o  have had  b lu e  
s c l e r o t i c s  and  to  have been  " s l i g h t l y  d u l l  o f  h e a r i n g " ;  
she  had f i v e  c h i l d r e n  o f  whom I V . 5 was s e en  a t  th e  age 
o f  4 8 , she had b lu e  s c l e r o t i c s  and brown i r i d e s  w i t h  a 
n a rk e d  a r c u s  s e n e l i s ;  th e  r e f r a c t i o n  was h y p e rm e t ro p ic  
w i t h  some a s t i g m a t i s m ;  t e n s i o n  was n o rm al ;  h e a r i n g  was 
normal  and  h e r  t e e t h  were f a i r l y  good ; she  had  f r a c t u r e d  
h e r  r i g h t  elbow when a b o u t  6 y e a r s  o f  age  a s  a  r e s u l t  o f  
a  f a l l  when s t a n d i n g  on an  empty box ;  a t  th e  age o f  1 6 
and a g a i n  a few y e a r s  l a t e r f e h e  had  s p r a i n e d  h e r  l e f t  a n k le  
and been  l a i d  up f o r  a week; h e r  s k u l l  showed a  s l i g h t  
o c c i p i t a l  p r o t u b e r a n c e .
I V . 6 was se en  aged 45 .  she had b lu e  s c l e r o t i c s  and brown 
i r i d e s  w i t h  marked a r c u s  s e n e l i s ;  t h e  eyes  were p ro m in en t  
and  the  p a t i e n t  was s l i g h t l y  d e a f  ; t e e t h  were q u i t e  good; 
t h e r e  was a  h i s t o r y  o f  a  f r a c t u r e  o f  th e  r i g h t  p a t e l l a
a t  th e  age  o f  6 when she was knocked o v e r  by a  dog and
some i n j u r y  to  h e r  r i g h t  knee  i n  1925 which was 
followed, by marked s t i f f n e s s ;  no o t h e r  j o i n t s  were 
s t i f f ;  h e r  s k u l l  showed v e r y  marked o c c i p i t a l  
p r o t u b e r a n c e .m a r k e d  p a r i e t a l  p r o t u b e r a n c e  and  l e s s  
marked f r o n t a l  p rom inence .
I V . 7 . a e t . 4 1 .h a d  da rk  b l u e  s c l e r o t i c ^ k n d  brown i r i d e s  
w i t h  marked a r c u s  s e n e l i s ;  he  had  s l i g h t  exophthalmos 
and  t h e  r e f r a c t i o n  was s l i g h t l y  h y p e r m e t r o p i c . v i s i o n  6 /6 ;  
h e a r i n g  was norm al ;  t h e r e  was a  h i s t o r y  o f  t h r e e  
f r a c t u r e s ,  two o f  which fo l lo w e d  p e rh a p s  a d e q u a te  
c a u s e , t h u s , a t  t h e  age  o f  1 6 he f r a c t u r e d  h i 3  r i g h t  
elbow from k n o c k in g  i t  a g a i n s t  a  r a i l w a y  c a r r i a g e  ; 
a t  34 he f e l l  s i x  f e e t  o f f  some s t a g i n g  and f r a c t u r e d  
h i s  os c a l c i s ;  a t  41 he f e l l  i n t o  a  m an-ho le  and 
f r a c t u r e d  h i s  l e f t  humerus;  th e  f r a c t u r e s  h e a l e d  and th e  
f u n c t i o n a l  r e s u l t  was good; h i s  s k u l l  showed f r o n t a l  and  
o c c i p i t a l  p r o t u b e r a n c e s ;  t h i s  p a t i e n t  had  a  p o s i t i v e  
Wassermann and a  double  a o r t i c  murmur w i t h  "waterhammer" 
p u l s e ;  t h e  t h y r o i d  was n o t  p ro m in e n t .
I V . 9 was seen  a e t . 40; he had  g rey  s c l e r o t i c s  and  g r e y i s h  
g r e e n  i r i d e s ,  a r c u s  s e n e l i s  was n o t  p r e s e n t j h e a r i n g  was 
good; t e e t h  were bad;  h i s  g e n e r a l  deve lopm ent  was f a i r l y  
good and t h e r e  was no h i s t o r y  o f  . f r a c t u r e s  o r  o f  
d i s l o c a t i o n s ;  he had been  und e r  t r e a t m e n t  i n  1922 f o r  
s i x  months f o r  some s k i n  l e s i o n ;  t h e  p a t i e n t  h a s  s in c e  
d i e d  o f  carc inom a r e c t i .
I V . 1 0 ,  s e e n  a e t . 3 8 , had  g rey  s c l e r o t i c s , i r i d e s  were 
g r e e n  w i t h  b ro w n ish  s p o t s ;  t h e r e  was no a r c u s  s e n e l i s ;  
v i s u a l  a c u i t y  was 6 / 6  and a  low d e g re e  o f  h y p e rm e t r o p ic  
a s t i g m a t i s m  was p r e s e n t ;  f u n d i  h e a l t h y  and showed no 
ev id en ce  o f  a r t e r i o s c l e r o s i s ;  t h e r e  was no exoph tha lm os  
and  th e  t e n s i o n  was n o rm al ;  t h i s  p a t i e n t  was s l i g h t l y  
d e a f ,  he  had  v e ry  good t e e t h  and no h i s t o r y  o f  f r a c t u r e s  
o r  o f  d i s l o c a t i o n s ;  s k u l l  was n o rm a l ,  and  h i s  g e n e r a l  
d eve lopm ent  e x c e l l e n t ;  h e i g h t  was 5 f e e t  I I  i n c h e s .
Thus a l l  members o f  th e  s i b s h i p  IV .  5 * 6 ,7 . 9  a n ^
10 were  a f f e c t e d  and th e  two members who were m a r r i e d  had 
a f f e c t e d  o f f s p r i n g .
I V . 7 had  f i v e  c h i l d r e n  o f  whom one son  and two d a u g h te r s  
a r e  s a i d  to  be a f f e c t e d ;  d e t a i l e d  i n f o r m a t i o n  a b o u t  t h e s e  
c h i l d r e n  was n e t  a v a i l a b l e .
I V . 10 had  t h r e e  c h i l d r e n  o f  whom one ,  V .7 ,was a f f e c t e d .  
v . 7 . , a e t . I 2 , had b l u e - g r e y  s c l e r o t i c s  and  brown i r i d e s ;  
she had  no a r c u s  s e n i l i s ;  v i s u a l  a c u i t y  6 /6  w i th  a  low 
degree  o f  h y p e rm e t r o p ia ;  she  had no exoph tha lm os;  fu n d i  
were norm al  b u t  d a r k e r  t h a n  th o s e  o f  h e r  tw in  s i s t e r  and 
t h e r e  was a sm a l l  q u a n t i t y  o f  p igment  a ro u n d  th e  b o r d e r s  
o f  th e  d i s c s ;  she  was n o t  d e a f  and  had  good t e e t h ; t h e r e  
was no h i s t o r y  o f  f r a c t u r e s ’o r  o f  d i s l o c a t i o n s ;  t h i s  
p a t i e n t  was w e l l  d e v e lo p ed  f o r  h e r  a g e  b u t  was t h r e e  in ch es  
s h o r t e r  t h a n  h e r  twin  s i s t e r  whom she  d i d  n o t  r e s e m b le .
V.8 ,  th e  tw in  s i s t e r ,  was v e ry  w e l l  deve lop ed  and was 
norm aJ ; th e  s c l e r o t i c s  were w h i t e ;  t h e  i r i d e s  b lu e ;  th e
f u n d i  were h e a l t h y  and she  had a s m a l l  amount o f  p igment  
a ro u n d  t h e  d i s c s ;  she  had a low d e g re e  o f  h y p e r m e t r o p i a .
I I . 6 had  one d a u g h t e r , I I I .1 0 ,  who d ie d  a e t . 55 from 
p e f n i e i o u s  anaem ia ;  she  was s a i d  to  have been  d a rk  w i th  
brown i r i d e s  and  b l u e - g r e y  s c l e r o t i c s ,  a  p h o to g ra p h  
showed t h a t  she had p ro m in en t  f r o n t a l  b o s s i n g ;  she  was 
f r e q u e n t l y  t a k e n  to  be  a s i s t e r  o f  I V . 6 a s  th e y  were  "so 
a l i k e " ,  e s p e c i a l l y  a b o u t  th e  e y e s ;  she  had had no f r a c t u r e s .
I I I . 10 had  seven c h i l d r e n  o f  whom f o u r  d i e d  i n  i n f a n c y ,  
t h r e e  were normal  and had normal  c h i l d r e n .
I V . 13 was examined a e t . 44 ,  i r i d e s  were b l u e  and he had 
f o u r  p e r f e c t l y  h e a l t h y  c h i l d r e n  w i t h  b l u e  i r i d e s  and 
f a i r i s h  h a i r ;  one i f  t h e s e  c h i l d r e n ,  V .9 ,  b ro ke  h i s  l e g  
a t  th e  age o f  9 when a  door  swung back  on him w h i l s t  a t  
s c h o o l .
I V . 15 was s e e n  a e t .  41; she  had  b l u e - g r e y  i r i d e s  w i th  
norm al  s c l e r o t i c s ,  v i s u a l  a c u i t y  was 6/ 6 ; she  was n o t  
d e a f  b u t  had bad  t e e t h  which were " s o f t  ana  broke  away"; 
sh e  had a  f r a c t u r e  o f  h e r  l e f t  l e g  a t  t h e  age  8 -10  y e a r s .
I V . 15 had  t h r e e  c h i l d r e n ,  th e  two e l d e s t  were h e a l t h y  and 
norm al ;  V .I5  had  f r o n t a l  and  o c c i p i t a l  p r o t u b e r a n c e s  and 
th e  t e e t h  were bad;  he was a b i g  h e a l t h y  boy ,a g ed  6 , when 
s e e n  b u t  he had  a c o n g e n i t a l  h e r n i a ;  he had  normal s c l e r o t i c s  
and  had no f r a o t u r e s .  P h o to g ra p h s  o f  V .I3  and 14
showed t h a t  they a l s o  had p rom inen t  f o r e h e a d s .
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P e d ig re e  ~3.
Blue S c l e r o t i c s .
The p e d ig r e e  c o n ta in s  f o r t y - o n e  c a se s  of  b lu e  s c l e r o t i c s ,  
some o f  which a r e  a s s o c i a t e d  w i t h  bone f r a g i l i t y  and 
d e a f n e s s ,  i n  f i v e  g e n e r a t i o n s .  This ex trem ely
i n t e r e s t i n g  h i s t o r y  was f i r s t  p u b l i s h e d  by S tephenson  i n  
1910 when he examined a  number o f  th e  d e sce n d an ts  o f  I I . 3; 
l a t e r  i n  th e  same y e a r  Bishop Harman, who had come in  
touch  w i th  I I I  .1 2 ,  worked out  th e  h i s t o r y  o f  h e r  b ranch  
o f  th e  f a m i ly  and p u b l i s h e d  a  c o n s i d e r a b ly  ex tended  
p e d i g r e e .  I n  1915 Stephenson d e s c r i b e d  and p r e s e n t e d
t h r e e  c a s e s ,  I I I . 8 , I V . 15 and I V . l 6 , b e f o r e  the  Ophthalmo­
l o g i c  a l  S o c i e ty  and the  accoun t  t h e r e  g iv e n  o f  the  fam ily  
was n o t  a l t o g e t h e r  c o n s i s t e n t  w i th  the  former p u b l i s h e d  
a c c o u n t s ;  a  l e t t e r  to  him brough t  no s a t i s f a c t i o n  as  he 
had  l o s t  touch  w i th  the  fam i ly  and was n o t  a b le  to  throw . 
any l i g h t  upon the  d i s c r e p a n c i e s .  I n  1926 I I I  .12 a g a in
p r e s e n t e d  h e r s e l f  a t  M o or f ie ld s  and I  o b t a i n e d  from h e r  
a  c o n s i d e r a b l e  amount o f  i n f o r m a t i o n  r e g a r d i n g  h e r  f a m i ly :  
The p e d ig r e e  i n  i t s  p r e s e n t  form was completed by D r . J u l i a  
B e l l .  There a r e  a good many s e r i o u s  d i f f e r e n c e s  between
t h e  p e d ig r e e  h e re  p r e s e n t e d  and t h a t  fo rm er ly  p u b l i s h e d  by 
S teph en so n ,  p a r t i c u l a r l y  r e s p e c t i n g  the  c h i l d r e n  o f  I I I . 6 ,
I I I . 8 and I I I . 10 b u t , a s  a l r e a d y  s t a t e d , t h e r e  were rea son s  
f o r  dou b t ing  the  accu racy  o f  the  e a r l i e r  p e d ig r e e .  D r .B e l l  
examined I I I . 6 , IV . 6 and I V . 24, who gave d e t a i l e d  accoun ts
o f  each member o f  t h e i r  f a m i l i e s  and moreover th e  a cc o u n t  
g i v e n  by them o f  the  c h i l d r e n  o f  I I I  .8  a g re e d  e n t i r e l y  
w i t h  t h a t  p u b l i s h e d  by S tephenson  h i m s e l f  i n  1915. 
F u r t h e r ,  v a l u a b l e  a d d i t i o n s  which D r . J u l i a  B e l l  and 
m y s e l f  have been  a b l e  to  add  to  th e  p e d ig re e  a r e  a lm ost  
t h e  whole of  G en era t ion  V and the  i n v e s t i g a t i o n  o f  the  
a s s o c i a t e d  d e f e c t s  which were no t  r e f e r r e d  to i n  the  
e a r l i e r  a c c o u n t .
I . I  d i e d  a e t . 80 y e a r s ;  h e r  g r a n d c h i l d , I I I .1 2 ,  had seen  
h e r  and remembered t h a t  she had b l u e  s c l e r o t i c s .  The 
f o u r  c h i l d r e n  of  I . I  a l l  had b lu e  s c l e r o t i c s .
I I . 2 ,  t h e  o^ly  son ,  d i e d  a e t .  90; he had th r e e  c h i l d r e n  
o f  whom I I I . I  was drownedjand no knowledge cou ld  be 
o b t a i n e d  abou t  h i s  s c l e r o t i c s .
I I I . 2 ,  s t i l l  l i v i n g  and aged over  70 (1927) and had a t  
l e a s t  two c h i l d r e n  o f  whom no i n f o r m a t i o n  was a v a i l a b l e ;  
he had b lu e  s c l e r o t i c s .
I l l  .3  i s  known to  have had b lu e  s c l e r o t i c s .
I I . 3 had b l u e  s c l e r o t i c s ;  she d ie d  a e t . 8 0  h a v in g  had a 
son  and t h r e e  da u g h te r s  a l l  o f  whom had b lu e  s c l e r o t i c s .  
T h u s , I I I . 4 had b lu e  s c l e r o t i c s  b u t  was n o t  d e a f  and had 
no bone f r a g i l i t y ;  he was an a c r o b a t  on the  s t a g e  and 
d i e d  a s  a r e s u l t  o f  t w i s t i n g  h i s  i n t e r n a l  organs w h i l s t  
" l o o p in g "  i n  the  a i r ;  pe rhaps  h i s  c a l l i n g  i n  l i f e  su gges ts  
t h a t  he had h y p e r e x t e n s i b i l i t y  o f  l ig am en ts  which i s  
f a i r l y  common in  a s s b c i a t i o n  w i th  b lu e  s c l e r o t i c s .
I I I . 6 , a e t .  64 ( I 92 7 ) ,  was seen  by S tephenson i n  1910 
and  was re -ex am in ed  by D r .B e l l ;  h e r  s c l e r o t i c s  were 
o f  a deep l e a d en  b lu e  c o lo u r  and she had complete  
a r c u s  s e n e l i s  su r r o u n d in g  each c c rn e a ;  she was s h o r t  
and  s l i g h t  b u t  v e ry  a c t i v e ,  n o t  a t  a l l  d e a f  and n e v e r  
had  had any f r a c t u r e s ;  she  devo ted  h e r s e l f  to  n u r s in g  
i n  th e  i n t e r v a l s  o f  lo o k in g  a f t e r  h e r  fam i ly ;  she had 
been  m a r r i e d  tw ic e .  By h e r  f i r s t  m a r r i a g e ,1 1 1 .6
had  f i v e  c h i l d r e n  o f  whom 3.V.I, a son,  d i e d  a e t .  4 months 
and h i s  m other  had no r e c o l l e c t i o n  o f  th e  c o lo u r  o f  h i s  
s c l e r o t i c s .
I V . 2 was s a i d  by h e r  mother  to  have b lu e  s c l e r o t i c s ;  
she  had one f r a c t u r e  o f  h e r  arm when she was small  
r e s u l t i n g  from a  s l i g h t  i n j u r y ,  and she i s  v e ry  d ea f ;  she 
began  to  n o t i c e  h e r  dea fn ess  soon a f t e r  h e r  m arr iage  a t  
t h e  age  o f  21 y e a r s .
I V .4  has  normal eyes ,  i s  n o t  d ea f  and has  had  no f r a c t u r e s  
h i s  f i v e  c h i l d r e n  were a l s o  f r e e  from any ab n o rm a l i ty  i n  
t h e s e  r e s p e c t s .
I V . 6 , seen  by D r .B e l l  a t  the  age o f  40 ( I 9 27 ) ,  had deep 
b l u e  s c l e r o t i c s ,  no a rc u s  s e n i l i s  o r  embryotoxon; she 
became d e a f  a t  abodt  the  age o f  30 b u t  was l e s s  d e a f  than  
h e r  s i s t e r  I V . 2; she had some i n j u r y  to  h e r  a n k le  a t  b i r t h  
which had a lways been weak and s p r a in e d  v e ry  r e a d i l y .
IV . 8 d i e d  a e t  2§ y e a r s  f o l lo w in g  m eas les ;  he had w hi te  
s c l e r o t i c s  and had had no f r a c t u r e s  up to  the  time o f  
h i s  d e a t h .
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By h e r  second husband I I I . 6 had t h r e e  sons ,  o f  whom
I V . 9 was seen  by S tephenson  a t  the  age of  6£ y e a r s  
when h i s  s c l e r a e  p r e s e n t e d  a c u r i o u s  uniform b l u i s h  
t i n g e  pe rhaps  b e s t  d e s c r i b e d  a s  " lea d en "  ; th e  appearance  
e x te n d e d  to  th e  c o rn ea  and beyond the  e q u a to r  o f  the  
e y e b a l l  as  f a r  a s  co u ld  be seen  ; t h e r e  was no a c c e n t ­
u a t i o n  i n  the  c i l i a r y  zone; he was a  l a d  o f  dark  
com plex ion  and a sm a l l  embryotoxon was p r e s e n t  towards 
t h e  upp e r  margin o f  each cornea  ; f u n d i  were w e l l  
p igm en ted  and th e  o p t i c  d i s c s  o f  ov a l  shape w i t h  a 
c o n g e n i t a l  c r e s c e n t  a t  the  lo w er  margin  o f  each p a p i l l a  ; 
he  had some t r o u b l e  a t  t h a t  t ime w i th  h i s  v i s i o n , d u e  to 
compound hyp e rm e tro p ic  a s t ig m a t i sm  which was n o t  e x cess iv e  
however  i n  grade  ; h i s  mother r e p o r t e d  t h a t  I V . 9 f r a c t u r e d  
h i s  t i b i a  a t  abou t  the  age o f  5 y e a r s  from a  s l i g h t  cause 
and  t h a t  he i s  r a t h e r  d e a f ,  b u t  h i s  c o u s i n , I V . 2 4 , s a i d  
t h a t  h i s  l im bs  a r e  ve ry  b r i t t l e  and deformed ; i t  may be 
t h a t  he has  had f r a c t u r e s  w i th o u t  r e a l i s i n g  t h e i r  
o c c u r r e n c e  ; he was m arr ied  b u t  had no c h i l d r e n .
IV .  10 and I I  had white  s c l e r o t i c s  and were unm arr ied  ; 
t h e y  have n e i t h e r  had f r a c t u r e s  n o r  a r e  they  d e a f .
I I I . 8 , s i s t e r  to I I I . 6 , was i n  bed (1927) encased 
i n  p l a s t e r  w i th  a  f r a c t u r e d  sp in e  and many f r a c t u r e d  
r i b s  a s  a  r e s u l t  o f  f a l l i n g  d o w n s ta i r s  ; th e  fam i ly  
r e p o r t e d  t h a t  they  "dare  no t  take  o f f  the  p l a s t e r  l e s t  
she  sh o u ld  f a l l  to  p i e c e s " ;  h e r  nephew,IV.24, s a i d  t h a t
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she  had b roken  every  l imb and t h a t  h e r  bones s t i l l , a t  
t h e  age o f  6 l , b r e a k  ve ry  r e a d i l y  ; she was v e ry  d ea f  
and had  da rk  b lu e  s c l e r o t i c s  o f  a  l e a d e n  hue ; Stephenson 
saw h e r  i n  1915 when she  was 4 f e e t  10 inches  i n  h e ig h t  
a t  t h e  age o f  50 ; h e r  s i s t e r  s a i d  t h a t  she had an 
a r c u s  s e n i l i s  su r ro u n d in g  the  c o r n e a .  Of the  s i x
c h i l d r e n  o f  I I I . 8 ,  I V . 13 had b lu e  s c l e r o t i c s  and 
S teph en so n  r e p o r t e d  a  f r a c t u r e  o f  h e r  l e g  a t  the  age 
o f  3 y e a r s  ; she was n o t  d e a f  ; a t  the  age o f  27 h e r  
h e i g h t  measured 4 f e e t  I 0 £  i n c h e s .  I V .15 was
d e s c r i b e d  by Stephenson i n  1915 \ she had b lu e  s c l e r o t i c s  
and  i s  now ( 1927) d e a f ,  she had had no f r a c t u r e s  b u t  
had s p r a i n e d  b o th  a n k le s  s e v e r a l  t im e s .  I V .16  had
b lu e  s c l e r o t i c s  and was nftt d e a f  ; S tephenson  saw h e r  
w i t h  h e r  mother  when she was aged 2 0 , the  mother  then  
s a i d  t h a t  she f e l l  o u t  o f  bed a t  th e  age o f  2 y e a r s  
and f r a c t u r e d  h e r  t h ig h  ; a t  4 y e a r s  she broke  h e r  l e g  
by f a l l i n g  w h i l s t  running  a c r o s s  the  k i t c h e n  f l o o r ,  she 
s p r a i n e d  h e r  ank le  s e v e r a l  t imes and h e r  mother  "go t  
q u i t e  u sed  to p i c k in g  h e r  up b ro k e n " .  I V . I 8 had
b l u e  s c l e r o t i c s  b u t  was n o t  d e a f  and had had no f r a c t u r e s .
IV .  19 and 20 had normal s c l e r o t i c s  and were n o t  d e a f ,  bu t
IV .  20 had  a  h i s t o r y  o f  a broken l e g  a t  the  age o f  
3 y e a r s .
I I I . 10, the  f o u r t h  c h i l d  o f  I I . 3 d i e d  from 
" in f la m m a t io n  o f  the  s p i n e " ;  she had b lu e  s c l e r o t i c s ,  
once had a f r a c t u r e d  jaw and had a h i s t o r y  o f  r e p e a t e d
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s p r a i n s  ; she was n o t  d e a f  ; she had s i x  c h i l d r e n  o f  
whom IV. 21 was s t i l l - b o r n  and IV. 22 d ie d  aged a few 
days ; n o t h in g  was known o f  th e  eyes of  th e s e  two 
s i b l i n g s .  IV. 23 had b lu e  s c l e r o t i c s  and was n o t
d e a f  ; she  had had no f r a c t u r e s  b u t  had s u f f e r e d  from 
r e p e a t e d  s p r a i n s .  IV. 24- had deep b lu e  s c l e r o t i c s
and  was n o t  cieaf ; he was s h o r t  and o f  s l e n d e r  b u i l d  ; 
he had  a  b roken  l e g  a t  the  age o f  3 y e a r s ,  f r a c t u r e d  h i s  
l e f t  arm a t  l 6  and had broken h i s  nose w h i l s t  box ing ,  
b u t  he m a in ta in e d  t h a t  he had no bone f r a g i l i t y  and t h a t  
a l l  h i s  f r a c t u r e s  o c c u r re d  from se v e re  i n j u r y  ; he was 
employed i n  a motor works and had to  wind up heavy e a r s ,  
which he d id  w i th o u t  d i f f i c u l t y  ; he was a very  i n t e l l i g e n t  
man o f  e n e r g e t i c  h a b i t s .  IV. 26 was k i l l e d  i n  the
war and was s a i d  t o  have had normal eyes .  I V . 27 had
w h i t e  s c l e r o t i c s ,  no h i s t o r y  o f  d e a f n e s s  and no f r a c t u r e s .
I I .  5 ,  the  t h i r d  a f f e c t e d  c h i l d  of  I .  I , d ied  
aged 52 ; h e r  d a u g h te r  r e p o r t e d  t h a t  she had b lu e  
s c l e r o t i c s ,  was d e a f ,  and had on one o c c a s io n  broken 
h e r  a n k le  ; she had a  d a u g h te r  and two sons o f  whom the 
sons  had normal s c l e r o t i c s  and no h i s t o r y  o f  f r a c t u r e  ;
I I I  .14  d ie d  a e t .  42, was m arr ied  b u t  had no c h i l d r e n  ;
I I I .15 was a l i v e  ( 1926) aged 50,  had two l i v i n g  normal 
c h i l d r e n  and two sons who had d ied  aged 21 and 14 days 
r e s p e c t i v e l y  and who a r e  s a i d  to  have had normal
s c l e r o t i c s .
I I I .  1 2 ,  seen  by Bishop Harman i n  1910, was th e n  aged 47
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and had s l a t y - b l u e  s c l e vo t i e s ,  da rk  brown h a i r  and brown 
d a rk  i r i d e s ;  the  v i s u a l  a c u i t y  was 6 /6  ; the  d i s c s  
were o v a l  and e a r l y  s e n i l e  len3  o p a c i t i e s  were p r e s e n t .  
She was examined by m y se l f  i n  1926 when she had w el l  
marked a r c u s  s e n i l i s  and was n o t  d ea f ;  Her r i g h t  l e n s  
was e x t r a c t e d  by Mr. Malcolm Hepburn i n  1925 ; she 
f r a c t u r e d  h e r  l e f t  femur a t  the  age o f  about  f o u r  
y e a r s ;  s l i g h t  b o s s in g  o f  the  s k u l l  was no ted  b u t  t h e r e  
was no ev idence  o f  r i c k e t s  ; she m a in ta in e d  t h a t  "she 
l o s t  a  l o t  o f  b lo o d  when c u t"  ; p e r io d s  ceased  a t  the  
age  o f  52 y e a r s  ; she had had t e n  c h i l d r e n ,  s i x  of 
whom were s t i l l  l i v i n g .
I V . 29 h e r  e l d e s t  d au g h te r  wrote  " I  am aware t h a t  my eyes 
a r e  o f  g r e a t  i n t e r e s t  to n e a r l y  every d o c to r  I  meet";  
she  b ro k e *  h e r  r i g h t  arm a t  9 days and a g a i n  a t  4 y e a r s ,  
a t  a l a t e r  d a te  h e r  l e f t  arm had been f r a c t u r e d  and a l s o  
a  c o l l a r  bone; h e r  mother s a i d  t h a t  she b r u i s e d  very  
e a s i l y ;  she h e r s e l f  s a i d  t h a t  h e r  h e a r in g  was very  good; 
she  was a e t .  44 i n  1926. I V . 29 was seen  a l s o  by
Bishop  Harman i n  1910 who d e s c r ib e d  h e r  very  deep s l a t e -  
b l u e  s c l e r o t i c s  and s a i d  t h a t  th e  c o lo u r a t i o n  was more 
i n t e n s e  ove r  the  c i l i a r y  reg io n s  ; h e r  h a i r  was then  a 
d u l l  g o ld  and the  i r i d e s  a dark  g re e n  ; she had then  one 
c h i l d ,  a boy,  V . I7 ,  a e t .  2h y e a r s ,  whose s c l e r o t i c s  
were  b l u e  b u t  l e s s  markedly so than  h i s  m o t h e r ' s .  IV . 29 
had  i n  1926 t h r e e  c h i l d r e n ;  the  boy, V .I7 ,  4 i e d  i n  1920 
and o f  th e  g i r l s  V . l 8 was normal and V .I9 ,  a e t .  4 y e a r s ,
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had  b l u e  s c l e r o t i c s  n o t  q u i t e  so pronounced a s  h e r  
m o t h e r ' s .  IV .  29 wro te  t h a t  a l l  h e r  c h i l d r e n
were  b o rn  w i th  b l u e  s c l e r o t i c s  bu t '  t h a t  the  f i r s t  
tw o ( V . I 7 ,  see a b o v e ) . " l o s t  the  b lu e "  i n  the  f i r s t  
tw e lv e  months ; th e  c h i l d r e n  h ea rd  w e l l  and had no 
b r o k e n  bo n e s .
I V . 30 a e t .  42 ( 1 9 2 6 ) and h i s  two c h i l d r e n  had normal 
s c l e r o t i c s  and had had no f r a c t u r e s .
I V . 32 d i e d  a e t .  21 from rheum atic  f e v e r  ; he i s  s a i d  
t o  have had b lue  s c l e r o t i c s  and to  have f r a c t u r e d  
h i s  l e f t  arm tw ice  and h i s  l e f t  l e g  tw ice .
IV . 33 a e t  39 i n  I 9 2^ had very  b lu e  s c l e r o t i c s  and had 
ha isom e i n j u r y  to  h i s  r i g h t  w r i s t  on one o c c a s io n  
which was p o s s ib l y  a f r a c t u r e  ; he had one d a u g h te r  
a g ed  1 2 , w i th  b l u e  s c l e r o t i c s  who has twice  b roken  h e r  
arm.
I V . 35 d i e d  a e t .  3-^  y e a r s  from croup ; he i s  s a i d  to 
havejhad normal s c l e r o t i c s  and to  have s u f f e r e d  no f r a c t u r e s .
I V . 36 d i e d  aged I  y e a r  and 9 months th rough  d r in k in g  
p a r a f f i n  ; he i s  s a id  to  have had b lu e  s c l e r o t i c s  and 
t o  have had no f r a c t u r e s  a t  the  time of  h i s  d e a th .
I V . 37 in  I 936 a e t .  33 had b lu e  s c l e r o t i c s  ; a t  the  age 
o f  5 y e a r s  she f r a c t u r e d  h e r  l e f t  l e g  and a t  the  age 
o f  1 0 . y e a r s  she twice  f r a c t u r e d  h e r  l e f t  arm ; h e r  two 
c h i l d r e n ,  aged  8 and 2 y e a r s  r e s p e c t i v e l y ,  have each 
b l u e  s c l e r o t i c s  ; V.23 b roke^  h i s  r i g h t  arm a t  the  age 
o f  7 . V .24 broke h e r  l e g  a t  the  age o f  2 y e a r s .
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I V . 39 was seen  by Bishop Harman a t  the  age of  14 y e a r s  
and was c o n s i d e r e d  by him to  have s c l e r o t i c s  which 
were bHuer t h a n  i s  normal though the  c o n d i t i o n  was l e s s  
p ronounced th a n  i n  h e r  a f f e c t e d  s i b l i n g s  ; I  saw h e r  a t  
t h e  age o f  31 when h e r  s c l e r o t i c s  i n  my o p in io n  were ' n i t  
b l u e  and she had no a rc u s  s e n e l i s , n o  d e a fn es s  and no 
h i s t o r y  o f  f r a c t u r e s  ; h e r  one c h i l d , V . 2 5 , aged 9 years  
had  normal s c l e r o t i c s  and no h i s t o r y  o f  f r a c t u r e s .
I V . 41 d i e d  a e t .  l |  y e a r s  from t e e t h i n g  ; he i s  s a i d  to 
have had normal s c l e r o t i c s  and no f r a c t u r e s .
IV .  42 was a e t .  26 i n  1926 and had normal s c l e r o t i c s  
and  no h i s t o r y  o f  f r a c t u r e .
I I . 7 had b lu e  s c l e r o t i c s  ; she d ie d  w h i l s t  h e r  two 
boys  were young,  from a f a l l  d o w ns ta i r s  which f r a c t u r e d  
h e r  s p i n e  ; th e  two boys ,  I I I . I 7  and 18 were b rought  up 
by I I I , 6 who r e p o r t e d  t h a t  I I I . I 7  bad w h i te  s c l e r o t i c s  
and  t h a t  I I I . l B  had b lu e  s c l e r o t i c s  and was very  deformed; 
t h e  l a t t e r  i s  dead ,  b u t  I I I .1?  now l i v e s  w i th  IV. 24. 
n e i t h e r  b r o t h e r  was m a r r ie d .
I V . 2 had  f i v e  c h i l d r e n  o f  whom V.I had w hi te  s c l e r o t i c s  
and no h i s t o r y  o f  f r a c t u r e .  V.2 , w i th  b lue  s c l e r o t i c s
i s  s a i d  t o  have been born  a c r i p p l e  ; h e r  grandmother  
s a i d  " t h a t  h e r  h i p s  went i n t o  h e r  stomach " ,  b u t  from 
h e r  a cc o u n t  i t  seemed l i k e l y  t h a t  she had c o n g en i ta l  
d i s l o c a t i o n  o f  th e  h i p s .  V.3 d ied  from measles a t
t h e  age o f  2\  ; he had b lu e  s c l e r o t i c s  b u t  no f r a c t u r e  up
to  t h e  t ime o f  h i s  d e a t h .  V.4, with b lu e  s c l e r o t i c s ,
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was a e t .  14 i n  1926 and had had  a f r a c t u r e  o f  h e r  arm 
w h i l s t  p l a y i n g  a t  s c h o o l .  V.5 had w hi te  s c l e r o t i c s
and  no h i s t o r y  o f  f r a c t u r e .  IV . 6 had t h r e e  c h i l d r e n
o f  whom V.8 , aged  17 i n  1926 had w hi te  s c l e r o t i c s ,  was 
n o t  d e a f  and had had no f r a c t u r e s ;  V.g aged 15 had b lue  
g c l e r o t i c s  and had  had one f r a c t u r e  a t  the  age of  3 ye a r s  
from f a l l i n g  up a s t e p .  V.IO had white  s c l e r o t i c s
and  had had no f r a c t u r e .
I V . 13 had t h r e e  c h i l d r e n ,  two g i r l s  and a boy ,o f  
whom t h e  two g i r l s  had b lue  s c e r o t i c s  and the  boy had 
normal  e y e s .  V.I3 had f r a c t u r e d  l e g s  a t  the  age of
4 y e a r s .  I V . 15 had one c h i l d  w i th  b lu e  s c l e r o t i c s
a g ed  2 y e a r s ,  who had had a d i s l o c a t e d  s h o u l d e r .  I V . I 6 
had one c h i l d ,  a boy,  wi th  w hi te  s c l e r o t i c s .  I V .24 had
one c h i l d ,  a  boy aged 10 months who had b lu e  s c l e r o t i c s .
The a f f e c t e d  members o f  t h i s  fam i ly  show vary ing  
g r a d e s  o f  d e f e c t  a s  judged by the  depth  o f  c o lo u r  of 
t h e  s c l e r o t i c s  and i t  i s  an example of  the  f a c t  t h a t  
a  s e v e re  g rad e  o f  d e f e c t  a s  ba sed  on t h i s  c r i t e r i o n  
may b e , i n  i n d i v i d u a l ? ,  u n a s s o c i a t e d  with  e i t h e r  of the 
commonly a l l i e d  d e f e c t s .  There i s  l i t t l e  evidence
i n  t h i s  f a m i ly  o f  t r u e  bone f r a g i l i t y ,  though the number 
o f  f r a c t u r e s  which have o c c u r r e d  i n  the  fam i ly  a re  f a r  
i n  excess  o f  what one would expec t  i n  a random sample 
o f  t h e  p o p u l a t i o n .  There i s  a c o n s id e ra b le  amount
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o f  d e a f n e s s  o c c u r r i n g  amongst the  a f f e c t e d  members, 
b u t  a g a i n  t h e  appearance  o f  t h i s  d e f e c t  does n o t  
i n d i c a t e  any  c r i t e r i o n  a s  to  the  s e v e r i t y  o f  the  
a s s o c i a t e d  d e f e c t s .  A l l  t h a t  can be i n s i s t e d
upon i s  t h a t  wherever  d e a f n e s s  or  a tendency to  bone 
f r a g i l i t y  o c c u r s ,  th e  s c l e r o t i c s  a r e  b l u e ,  b u t  the  
c o n v e rse  does  n o t  h o l d .  No consanguin i ty ,  was
r e c o r d e d  i n  t h i s  p e d ig r e e .
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D e a fn e s s .
I n  t h e  c o u rse  o f  a sc h o o l  c l i n i c  a boy,  V I .3 0 . was brought
to  s e e  me b eca u se  he had b lu e  e y es .  He came with  h i s
s i s t e r ,  V I . 3 3 . and they  were b o th  found to  have w e l l  marked
b l u e  s c l e r o t i c s .  The boy had had t h r e e  f r a c t u r e s  and
th e  g i r l  o ne .  The f a t h e r  o f  the  c h i l d r e n  was found to
b e  a f f e c t e d  s i m i l a r l y .  He informed me t h a t  he was a
house  p a i n t e r  by t r a d e ,  and a s  I  am o f  th e  o p in ion  t h a t  a
p e r s o n ' s  o c c u p a t io n  i s  an u n r e l i a b l e  g u id e  to  the  s t a t e  of
h i s  c o l o u r  v i s i o n ,  I  t e s t e d  him and found h i s  c o lou r
p e r c e p t i o n  to  be d e f e c t i v e .  The r e d i g r e e  was worked
o u t  i n  more d e t a i l  and i t  c o n ta in s  two hundred and e i g h t
one
i n d i v i d u a l s .  Of th e se  sev en tyA l ive  abroad o r  a re  dead 
and twenty  two have n o t  been  examined. One hundred
and  f i f t e e n  have been seen  and of  th e s e  n i n e t y  e ig h t  
have been  t e s t e d  w i th  Phenyl-Thio-Carbamide  and n in e ty  
have  been  b lo o d  grouped .  E igh ty  n in e  i n d i v i d u a l s  
h a v e  had b o th  t e s t s  c a r r i e d  o u t .  The t a s t e - t e s t i n g
and c o l l e c t i o n  o f  b loo d  samples was done by m yse l f  and 
t h e  b lo o d  g ro u p ing  was c a r r i e d  o u t  a t  the  Galton Research 
L a b o r a to r y  f o r  me by Dr. G. L. T ay lo r  and h i s  s t a f f .
I TO
Nine males  were found to  have d e f e c t i v e  c o lo u r  
v i s i o n .  Three of  them had a l s o  b l u e  s c l e r o t i c s .
One boy ,  o th e r w i s e  no rm al ,  d e r iv e d  h i s  d e f e c t i v e  c o lo u r  
se n se  from h i s  mother , who was n o t  h e r s e l f  of  th e  d e f e c t i v e  
s t o c k .  ,•As m •
Fo£ ty  f i v e  i n d i v i d u a l s ,  twenty  males and twenty 
f o u r  f e m a le s  had b lu e  s c l e r o t i c s  o r  were r e l i a b l y  r e p o r t e d  
to  have  b e en  a f f e c t e d .  No fem ales  w i th  c o lo u r  d e fe c t s
were f o u n d .  The t e s t s  used were I s h i h a r a ' s  I so c h rom a t tc
P l a t e s ,  F o u r th  E d i t i o n  ( t h i r t e e n  p l a t e s ) ,  and Seventh 
E d i t i o n  ( tw e n ty  f i v e  p l a t e s ) ,  S t i l l i n g ’£ p seud o - i so c ro m a t i sc h e  
T a f e l n ,  i g t h .  E d i t i o n ,  and i n  c e r t a i n  c a s e s  the  d e f e c t  wa3 
c o n f i rm ed  w i th  the  Edridge-CFreen l a n t e r n .
The method o f  u s i n g  th e  p h e n y l - th io -c a rb a m id e  was 
t h a t  d e s c r i b e d  by Will iam C. Boyd and Lyle  ft. Boyd (1937) ,
w i t h  t h e  a d d i t i o n  of  a t e a s p o o n f u l  o f  t a p  w a te r  to  beg in  
w i t h .  This  was fo l lo w ed  by a  t e s s p o o n f u l  of  ' P . 3 '
O.OOO63 f> P h e n y l - th io - c a r b a m id e ,  and th e n  a t e a sp o o n fu l  
o f  ’P . 6 ' , 0 .005 °/o P h e n y l - th io - c a r b a m id e .  The p a t i e n t s
were r e c o r d e d  as  t a s t e r s  o r  a s  n o n - t a s t e r s  an^ th e  r e s u l t s
a r e  shown i n  Table
The p e d ig re e  c h a r t  t r a c e s  th e  t h re a d s  of  b lu e
r
s c l e r o t i c s ,  b r i t t l e  bones ,  d e a f n e s s ,  c o l o u r b l i n d n e s s ,  -.r. ? 
m yopia ,  b lo o d  g ro up in g  and p h e n y l - th io -c a rb a m id e  r e a c t i o n s  
d e r i v e d  from a hand-loom weaver and h i s  wife  , 1 1 1 .1 and 2 .
The hand  loom weaver had  b lu e  s c l e r o t i c s ,  deafness  and 
a h i s t o r y  o f  f r a c t u r e s .  He was an only c h i l d  and
d i e d  a t  t h e  age o f  f i f t y  f i v e .  His mother was a l s o
a  hand-loom  weaver ,  had b lu e  s c l e r o t i c s  and broke h e r  
l e g .  These s t a t e m e n t s  were confi rmed by IV.I  and IV .12
b u t  t h e r e  was g r e a t  d i f f i c u l t y  i n  e s t a b l i s h i n g  the 
r e l a t i o n s h i p  o f  I I . I  t o  th e  o t h e r  members o f  t h i s  
g e n e r a t i o n .  The h i s t o r y  g iv en  i s  t h a t  s u p p l i e d  by
I V . I  who i s  c o n f id e n t  t h a t  h e r  s t a t e m e n t s  a re  c o r r e c t .
The f a m i ly  names which she gave were c o r r e c t  and conformed 
by I I I . 7 ,  th e  husband o f  I I I . 6 , But  I I I . 7 deh ied  a l l
knowledge o f  b lu e  eyes o r  b r i t t l e  bones i n  any of  h i s  
w i f e ' s  r e l a t i o n s .  This  d i f f i c u l t y  may be so lved
a t  a l a t e r  d a te  when I  have t r a c e d  th e  a n te c e d e n t s  of  
some a f f e c t e d  c h i l d r e n  i n  the  south  o f  S c o t la n d .  
U n f o r t u n a t e l y ,  a l though  th e  County Medical  O f f i c e r  
knows t h a t  th e y  e x i s t  he cannot  t r a c e  them u n t i l  they  
a p p e a r  :- i n  the  course  o f  r o u t i n e  schoo l  m edica l
e x a m in a t io n .
The seven  c h ld re n  o f  th e  handloom weaver a re
d e s c r i b e d  a l p h a b e t i c a l l y  under  h e a d in g s  A to  ft.
TI
Family A.
The e l d e s t  d a u g h te r ,  I V .1 .  i s  now s e v e n t y - t h r e e , and 
h a d  t h i r t e e n  c h i l d r e n .  She has about  f i v e  d i o p t r e s  
o f  myopia ,  and s e n i l e  l e n s  changes ,  b u t  i s  o therw ise  
n o r m a l .  N e i t h e r  she n o r  h e r  husband i s  very  t a l l ,
( 5 f t .  2 i n .  and 5 f t .  4 i n .  r e s n e c t i v e l y ) . Her
c h i l d r e n  a re  about  th e  same h e i g h t  as  t h e i r  b lue  
s c l e r o t i c  c o u s in s .  The younges t  o f  the  family  
were tw in  b oys ,  b u t  one was s t i l l - b o r n .  Three 
sons  a re  c o l o u r - b l i n d ,  V.1 , 1 0 , and 23; one d a u g h te r ,
V.8 . has  a c o l o u r - b l i n d  boy.  There a re  no b lu e  
s c l e r o t i c  i n d i v i d u a l s ,  and none o f  h e r  c h i ld r e n  i s e  
myopic .
Family B.
The second  d a u g h te r ,  I V . 3 . (1869 -  1894) had b lu e  eyes;  
h e r  l e g  was b roken  by a c r i c k e t  b a l l ,  b u t  she was n o t  
d e a f .  She had f i v e  c h i l d r e n ,  some o f  whom were 
u n a f f e c t e d ,  b u t  no d e t a i l s  of  t h i s  f am i ly  a re  a v a i l a b l e  
b e c a u se  th ey  a l l  went to  North America,  and have l o s t  
to u ch  w i t h  t h e i r  r e l a t i o n s  in  t h i s  co u n t ry .
Family C.
This  woman, IV .5- (1*71 -  1909) d ied  i n  Canada, a e t . 38 . 
She had b lu e  s c l e r o t i c s ,  d e a f n e s s ,  and broke h e r  arms 
w h i l e  s k a t i n g .  She had n in e  c h i l d r e n .  Two d ied
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i n  c h i ld h o o d ,  and no d e t a i l s  e re  a v a i l a b l e .  Of
h e r  seven  o t h e r  c h i l d r e n ,  f o u r  had b lue  s c l e r o t i c s ,  
and th e  two examined a re  b o th  c o lo u r  b l i n d ,  as w e l l  
a s  s u f f e r i n g  from b lu e  s c l e r o t i c s ,  d e a f n e s s ,  and a 
h i s t o r y  o f  f r a c t u r e s .
The e l d e s t  son ,  V.3 0 . i s  a house p a i n t e r ,  b u t  
h a s  g o t  d e f e c t i v e  c o lo u r  v i s i o n ,  b lu e  s c l e r o t i c s ,  
p a r i e t a l  b o s s in g  o f  h i s  s k u l l ,  d e a fn es s  i n  h i s  r i g h t  
e a r ,  which came on when he was abou t  t w e n t y - f i v e ,  and 
a  h i s t o r y  o f  two f r a c t u r e d  arms, when s i x t e e n  years  
o f  a g e .  This  man has had s i x  c h i l d r e n ;  t h r e e  had
b l u e  s c l e r o t i c s ,  and t h r e e  were u n a f f e c t e d .
Two sons and a  d au g h te r  l i v e  i n  Canada and I  have 
n o t  succeeded  i n  g e t t i n g  i n  touch  w i th  them so f a r .
One son and th e  d a u g h te r  a re  r e p o r t e d  to  have b lue  
s c l e r o t i c s .  The younges t  son o f  IV .5 .  has  a lso
g o t  b l u e  e y es ,  a h i s t o r y  o f  e i g h t  f r a c t u r e s ,  w e l l  
marked o c c i p i t a l  b o s s in g ,  s l i g h t  d e a f n e s s ,  and 
o c c a s i o n a l  t i n n i t u s ,  which s t a r t e d  when he was t h i r t y  
y e a r s  o f  ag e .  His c o lo u r  v i s i o n  i s  g r o s s ly  
d e f e c t i v e .  He i s  m a r r ie d  b u t  has no f a m i ly .
The u n a f f e c te d  d a u g h te r ,  V.3 9 . has g o t  f o u r  
c h i l d r e n ,  two boys and two g i r l s .  Three o f  these
c h i l d r e n  have been examined and a r e  normal.
Family D. ± L
This  d a u g h te r ,  I V .? .  l8 ?3  -  1937. She had b lue
s c l e r o t i c s ,  d e a f n e s s ,  marked t i n n i t u s ,  and numerous 
f r a c t u r e s .  She had seven c h i l d r e n ,  f o u r  boys and 
t h r e e  g i r l s .  Five of  th e  c h i l d r e n  had  b lu e
s c l e r o t i c s  and th e  e l d e s t  son has g o t  two b o y s ,  one 
a f f e c t e d  and one u n a f f e c t e d .  Her second  son ,  V.49* 
h a s  g o t  a c o l o u r - d e f e c t i v e  boy ,  V I .49.
Family E.
I V .10.  (1875 " 1935) was m a r r i e d  t w i c e .  She had b lu e  
s c l e r o t i c s ,  was s to n e  d e a f ,  and t h e r e  was a h i s t o r y  of  
numerous b roken  bones .  Deafness began a t  the  age o f
t h i r t y .  By h e r  f i r s t  husband she had f o u r  c h i l d r e n  
w i th  one a f f e c t e d  d a u g h te r .  This d a u g h te r  has t h r e e
g i r l s ,  two w i th  b lu e  e y e s .  By h e r  second  husband 
she  had t h r e e  a f f e c t e d  c h i l d r e n ,  two boys and a g i r l .
Family F.
This man, I V .12.  had se v e n te e n  c h i l d r e n ;  f o u r  d ied  
when ve ry  young o r  were s t i l l - b o r n ,  V.8 3 , 8 4 , 8 5 , and 8 6 , 
The c o r r e c t  p o s i t i o n  o f  th e se  f o u r  b i r t h s  i s  n o t  known. 
He i s  a house p a i n t e r  aged f i f t y - n i n e .  His c o lou r  
v i s i o n  i s  normal ,  and he has had on ly  one f r a c t u r e  -  a 
c o l l a r  bone when e i g h t  y e a r s  o f  ag e .  He has  g o t  
b lu e  s c l e r o t i c s ;  he i s  ve ry  d e a f  and s u f f e r s  from
n o i s e s  in  h i s  h ead .  The d e a fn e s s  s t a r t e d  when he
was t w e n t y - e i g h t .  Of h i s  t h i r t e e n  s u r v i v i n g  c h i l d r e n
t e n  had b lu e  s c l e r o t i c s .  He has a t  p r e s e n t ,  f i v e
g r a n d - c h i l d r e n  a l l  a f f e c t e d .  The d e a fn es s  among h i s
c h i l d r e n  has  s t a r t e d  a t  an e a r l i e r  age than  i n  any 
o t h e r  f a m i ly  i n  t h i s  p e d i g r e e ,  and i s  very  marked. Two 
g i r l s  o f  t w e n ty - f i v e  and t w e n t y - e i g h t  a re  a lm ost  s to n e  
d e a f .  I n  a d d i t i o n  they  a r e  myopic and one was born
w ith  a t o o t h .
Family G.
This  man, I V .14. i s  s t o n e  d e a f  and can only be 
communicated w i th  by s i g n s  o r  w r i t i n g .  He has 
g o t  markedly  b lu e  s c l e r o t i c s ,  b u t  on ly  g iv e s  a vague 
h i s t o r y  o f  one d o u b t fu l  b roken  bone i n  h i s  hand when 
he  was a boy.  He has t h r e e  s o n s ,  one w i th  b lu e  
s c l e r o t i c s ,  th e  o t h e r  two u n a f f e c t e d .  A l l  the  
members o f  t h i s  fam ily  who have been examined a re  
n o n - t a s t e r s  o f  p h e n y l - th io - c a r b a m id e .
As f a r  a s  I  am aware t h i s  i s  th e  l a r g e s t  ped ig ree  
o f  t h e  c o n d i t i o n  which h a s  been  worked d u t .  I n  the
on ly  o t h e r  p e d ig r e e  o f  b lu e  s c l e r o t i c s  known to  me 
i n  which c o lo u r  b l i n d n e s s  o c c u r r e d ,  those  a f f e c t e d  were 
n o t  i n d e n t i f i e d  ( S to b ie  1924) . The d e t a i l e d  h i s t o r i e s
o f  th e  p r e s e n t  p e d ig r e e  do n o t  d i f f e r  markedly  from 
th o s e  p r e v i o u s l y  p u b l i s h e d .  The f r a c t u r e s  tend  to
o c c u r  i n  ch i ld h o o d  or  i n  a d o le s c e n c e  and h e a l  f i rm ly  
The e a r l y  o n se t  o f  d e a fn e s s  i n  th e  f a m i ly  o f  I V . 12 I s  
a  s t r i k i n g  f e a t u r e  and might  be due to  a  m odify ing  
f a c t o r  i n t r o d u c e d  by h i s  w i f e .  This  s u g g e s t i o n  i s
o f  cou rse  s p e c u l a t i v e .
The answers  g iv en  by th e  c o lo u r  d e f e c t i v e  males 
t o  I s h i h a r a ’ s T es t  Fourth  E d i t i o n  a r e  shown i n  Table 3
The d e t a i l s  o f  the  Blood Groups and P h e n y l - t h i o -
, . t
carbamide  t e s t s  a r e  s e t  out  i n  T a b l e d  ,  and a r e  a r ra n g ed
a c c o r d i n g  to  the  a l p h a b e t i c a l  f a m i ly  g roups A to  G.
I t  i s  e s s e n t i a l  i n  p u t t i n g  t h i s  p e d ig re e  on r e c o r d
to  acknowledge the  c o - o p e r a t i o n  o f  V . I f>. I t  would
have been  an imifss ib le  t a s k  to  t r a c e  out  a l l  h i s  numerous
be
r e l a t i o n s  and persuade  them to Ab lo o d -g ro u p ed  and t a s t e -  
Jfcested w i th o u t  h i s  a s s i s t a n c e .
H 7
T able ^ .
Table showing the d i f f e r e n t  answers  which the 
Colour  D e f e c t iv e  members o f  th e  p e d ig re e  gave 
when t e s t e d  w i t h  I s h i h a r a  I s o c h ro m a t ic  P l a t e s  
( F o u i th  E d i t i o n ) ,
P l a t e  No . 1 2 3 4 5 6 7 8 9 10 I I 12 1 3 .
Normal 12 8 6 5 74 : 2 6 5 7 - - 26 42
V . l . 12 - - - — : - - - - - - —  —
v i . 8. 12 - - 2 21 2
V.10. 12 - - - — : - - - - - - — —
12 - - 2 21 2
v.30 . 12 3 5 2 21 :12 21 - - 5 2 — —
v . 4 3 . 12 3 - 2 27 ; - - 8 9 5 -- — 42
v . 5 5 . 12 3 5 2 21 : - - - - 5 2
v . 5 9 . 12 - - 2 21 : - ■» 6 7 8 2
A l though  VI. 49 was d i s c o v e r e d  to  have d e f e c t i v e  
c o l o u r  v i s i o n ,  he i s  om i t ted  from the  above t a b l e  because  
he must  have d e r iv e d  h i s  d e f e c t  from h i s  m other ,  V.80.
His f a t h e r ,  V.4g, had normal c o lo u r  p e r c e p t i o n .
P e d i g r e e  numbers and i n i t i a l s  o f  the  s i x t e e n  members 
o f  th e  p e d ig r e e  who were n e i t h e r  b lo o d  grouped  n o r  
t a s t e - t e s t e d ,  a l though! ;  th e y  were examined,
I I I , 7 Mr.M. husband  o f  1 1 1 ,6 .  He was u n ab le  to
g ive  any p o s i t i v e  i n f o r m a t i o n  r e g a r d i n g  h i s  
w i f e ' s  r e l a t i v e s .
V , 2 r ’Mrff.TJ.T.
V . I I  Mrs. John T.
7 . 4 4  M rs .R ober t  John L.
V.48 David C. 1899 -
V I . 27 Joyce  T. 193d -  •
V I . 81 M argare t  C. 1929 -  
V I . 82 James C. 193^ “
V I . 83 David C. I 9 3 7 *
V I .84 l i l y  C. 1938 “
V I .87 Ann C. 193^ -  
V I . 88 Ina  C. I9 3 7 “
V I . 70 May MoC. 193d “
V I .77 W il l iam MoC. I 9 3 7 -  
V I . 78 Malcolm W. 1932 -  
V I . 80 C a th ie  McC. I 9 3 7  -
DETAILS OF MEMBERS OF THE PEDIGREE.
1 . 1* 2 . 
I I . 1 .
1 1 . 2.
1 1 . 3 .
1 1 . 4 .
1 1 . 5 .
1 1 . 6.
I I . 8 .
I I I . l .
I I I . 2 .
No i n f o r m a t i o n  a v a i l a b l e .
M ar ia  M. a hand-loom weaver;  b lu e  s c l e r o t i c s ;  
d e a f ;  one b ro k en  l e g ;  may have been m a r r ie d  
t w i c e .
No i n f o r m a t i o n .
F i r s t  husband o f  I I . 4 .  This  s i b s h i p  c h i l d l e s s .  
Mary Ann M. d i e d  a e t .  60; she had two daug h te rs  
by h e r  second husband,  I I I . 4 .  and 5* She had 
b lu e  s c l e r o t i c s  a c c o rd in g  to  IV .1 . ,  b u t  h e r  son- 
i n - l a w ,  I I I . 7 .  den ied  t h i s .  I I I . 7 .  was unab le  
t o  r e p o r t  any b lu e  eyes ,  f r a c t u r e s ,  o r  d ea fness  
i n  t h i s  p a r t  o f  the  p e d i g r e e .
Second husband o f  I I . 4 .
M arr ied  I I . 7 . .  t>ut a l th o u g h  known to  have c h i l d r e n ,  
the  fam i ly  has n o t  been t r a c e d .
Will iam M. went to  s e a ,  and no more i s  known 
o f  him.
I s a i a h  McC. d i e d  a e t .  55;  an only c h i l d ;  b lu e  
s c l e r o t i c s ;  b roken  bones ;  d e a f ;  was a hand-loom 
weaver ,  and worked with  c o lo u r e d  th re a d s  i n  
a r t i f i c i a l  l i g h t  a cc o rd in g  to  I V .1 2 .
This  woman d i e d  a e t .  38 from rheum atic  f e v e r ;  she 
had  one s i s t e r ,  I I I . 3 . whose son I V . l 6 . was 
examined f o r  c o l o u r .  This man 's  c o lo u r  v i s i o n  
i s  normal;  he i s  a hand-loom weaver;  examined
Dec. 1938*
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I V .1 , 3 . 5 , 7 , 1 0 , 1 2 , and 14 were c h i l d r e n  o f  I I I . l .  and 2 .
and w i l l  be  d e s c r i b e d  as  s e p a r a t e  f a m i l i e s ,  A to  G.
Family  A.
I V . l .  Born 1866; w h i t e  s c l e r o t i c s ;  no d e a f n e s s ;  no 
f r a c t u r e s ;  i r i s  b l u e ;  p a t i e n t  i s  myopic, and 
wears  R t .  - 5 . 0 .  L t .  - 4 . 0 .  Colour v i s i o n  norm al ,  
b u t  p a t i e n t ' s  c e n t r a l  v i s i o n  i s  n o t  good, owing 
to  s e n i l e  l e n s  changes .  H e igh t  5 f t .  2 i n .  She 
has  had t h i r t e e n  c h i l d r e n .
I V . 2 .  Mr. T. 1868 -  ; c o lo u r  v i s i o n  normal;  low degree
hy p e rm e trop ic  a s t ig m a t i sm ;  b lu e  i r i s .
V . l . J . T .  1885 -  ; s c l e r o t i c s  w h i t e ;  i r i s  b l u e ;  no
d e a f n e s s ;  no f r a c t u r e s ;  h y p e rm e tro p ic ;  c o lo u r  
v i s i o n  abnormal;  I s h i h a r a  4 t h  e d i t i o n ,  only  12 
co u ld  be r e a d ;  S t i l l i n g ' s  P l a t e s ,  he re a d  9 .5 8 ,  
- , - , 5 . 6 , 7 , - . 8 , 86 , 5 6 , - , 6 6 , - , 8 9 . C H .- ,2 , 8 , 88 , 
5 , 9 2 , 7 ,  He i s  m a r r i e d ,  b u t  has  no f a m i ly .
V .3 . Mrs .  Annie C. 1889 -  ; r e p o r t e d  to  be normal by
I V . l .  She i s  m a r r ie d  and has two g i r l s ;  she 
l i v e s  i n  I r e l a n d .
V .5 .  Will iam T. 1891 -  ; VA6/ 6 ; s c l e r o t i c s  whi te ;
i r i s  g re y ;  c o lo u r  v i s i o n  normal;  h e i g h t  5f t . 5£ in .
V.6 . Mrs. Will iam T. i r i s  b l u e .
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V .8 .  Mrs. E.G. 1892 -  : s c l e r o t i c s  w h i t e :  i r i s  brown:
no f r a c t u r e s :  has  t h r e e  c h i l d r e n  from two s i b s h i p s :
th e  y o u n g e s t  boy ,  V I .8 .  has  de fec t ive ,  c d lo u r  
v i s i o n .
V.10.  John T. 1895 -  • s c l e r o t i c s  w h i t e :  i r i s  h a z e l :
no d e a f n e s s :  no f r a c t u r e s :  m a r r i e d  b u t  has  no
f a m i ly :  d e f i n i t e l y  c o lo u r  d e f e c t i v e :  I s h i h a r a  4th
e d i t i o n ,  on ly  th e  f i r s t  p l a t e ,  12,  was r e a d :  on the
7 t h  e d i t i o n  he r e a d  the  f i r s t  f o u r  p l a t e s  as  1 2 ,3 ,5 .  
10,  and no o t h e r s .  The normal  s u b j e c t  r e a d s  12 ,8 ,  
6 , 2 9 .  This man was examined i n  f a i l i n g  d a y l i g h t ,  
b u t  th e  i l l u m i n a t i o n  was good enough f o r  h i s  normal 
b r o t h e r ,  V.15.  to  a p p r e c i a t e  th e  e r r o r s :  h e i g h t  5 , 9"»
V .A .6 /6  u n a id e d .
V .12 . Samuel T. 189? -  : s c l e r o t i d s  w h i t e :  i r i s  b lu e :
no d e a fn es s : ,  no f r a c t u r e s :  V .A .6 /6 :  o o lo u r  v i s i o n
norm al :  h e i g h t  5 '  4 " :  m a r r i e d  ahd has f o u r  normal
c h i l d r e n .
V.1 3 . Mrs. Samuel T . :  i r i s  g r e y :  V.A.6/ 6 .
V .14.  Mrs. Agnes F. s c l e r o t i c s  w h i t e :  i r i s  brown: no
f r a c t u r e s :  no d e a f n e s s :  V.A.6/ 6 : c o lo u r  v i s i o n
norm al :  she has had s i x  c h i l d r e n  o f  whom t h r e e
a r e  a l i v e ,  i n c l u d i n g  V I . 1 4 .  twin  o f  V I . 15 .  who 
was s t i l l - b o r n .
V.15 .  Mr. F . h a z e l  i r i s .
r  12?V . l b .  A le x and e r  T. 1900 s c l e r o t i c s  w h i t e :  i r i s
brown: no f r a c t u r e s :  no d e a f n e s s :  V.A.6/ 6 :
c o lo u r  v i s i o n  norm al :  m a r r ie d  and h a s  fo u r
c h i l d r e n :  h e i g h t  5 ' 7" .
V .17 .  Mrs. A lex .  T. 1901 -  : i r i s  b l u e .
V . lB .  Andrew T. 1901 -  : s c l e r o t i c s  w h i te :  i r i s  brown:
no d e a f n e s s :  no f r a c t u r e s :  V.A.6/ 6 : o o lo u r  v i s i o n
norm al :  m a r r i e d ,  h a s  f i v e  normal c h i l d r e n .
V .19 .  Mrs. Andrew T. g rey  i r i s .
V .20 .  C har le s  T. 1905 -  : s c l e r o t i c s  w h i t e :  i r i s  brown:
V .A .6/ 6 : c o lo u r  v i s i o n  n o rm a l :  h e i g h t  5 1 3"-
no f r a c t u r e s :  no d e a f n e s s :  m a r r i e d ,  has  one
d a u g h te r .
V .22.  Roland T. 1908 -  : s c l e r o t i c s  w h i t e :  i r i s  b lu e :
V.A.6/ 6 : c o lo u r  v i s i o n  no rm al :  h e i g h t  5 '  2 " . :
no f r a c t u r e s :  no d e a f n e s s .
V .2 3 . North  T. 1910 -  : s u r v i v i n g  twin o f  V.24.  who
was s t i l l - b o r n :  h e i g h t  5 ' 2 ":  no d e a f n e s s :
no f r a c t u r e s :  V.A.6/ 6 : c o lo u r  v i s i o n  g r o s s ly
d e f e c t i v e :  I s h i h a r a ,  4 t h  e d i t i o n ,  1 2 : -  - : 2  2-1;
_ _ ;5 2 : -  - :  7 t h  e d i t i o n ,  12 : -
-  -  :
17 2 1 :-  - : 5  2 :45  7 3 : -  -* A S t i l l i n g ’ s
P l a t e s ,  9 , 5 ^ . - » - t 5 , - , 7 . - * ^ . “ *56. - * 4 3 , - ,5 6 ,  
- , 8 o , C H , 4 8 , 8 8 , 5 8 , - , 9 * , - .  When t e s t e d  w i t h  Edr idge
Green l a n t e r n ,  a p e r t u r e  3 , he c a l l e d  y e l lo w  " re d " ,
I
b lu e  "g reen"  and g reen  " w h i te " .  This p a t i e n t  th in k s  
t h a t  th e  sodium lamps,  used  to  l i g h t  the  s t r e e t  in  
which he  l i v e s ,  a re  o f  a g ree n  c o lo u r .
C h i ld re n  o f  V.3 .
V I .142 .  Not examined; l i v e  i n  I r e l a n d .
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C h i ld re n  o f  V.5.
V I . 3 . Annie T. n o t  examined.
V I .4 .  Moira  T. i r i s  b l u e - g r e y .
C h i ld re n  o f  V.8 .
VI . 5 .  Not examined; m a r r i e d  Dec. 1939*
V I . 7 .  James G. 1917 “ ; s c l e r o t i c s  w h i t e ;  i r i s  h a z e l ;  
h e i g h t  5f t .  9 i n . ;  no f r a c t u r e s ;  no d e a fn e s s ;  
Vr6/ 6 , Vj.6/60; o p e r a t i o n  f o r  conv ergen t  s q u i n t ;  
c o l o u r  v i s i o n  norm al .
V I .8 . E.M. 1928 -  ; s c l e r o t i c s  w h i t e ;  i r i s  brown;
c o l o u r  v i s i o n  g r o s s l y  d e f e c t i v e ;  answers s i m i l a r  
to  h i s  u n c l e ' s ,  V .23 . ,  when t e s t e d  w i th  I s h i h a r a ,  
4 t h  and 7 th  e d i t i o n s ,  and S t i l l i n g 1s P l a t e s .
C h i ld re n  o f  V.12.
V I .9 .  Andrew T. 1923 -  ; s c l e r o t i c s  w h i te ;  i r i s  b lu e ;  
h e i g h t  5f t .  6i n . ;  no f r a c t u r e s .
V I .10 M arg a re t  T. 19?5 -  ; s c l e r o t i c s  w h i t e ;  i r i s  
b l u e - g r e y ;  VA6/ 6 .
V I .11* 5 w T .  . 192& -  ; s c l e r o t i c s  w h i t e ;  i r i s  £ney i  : 
c o lo u r  v i s i o n  normal^ V.A.6/ 6 .
V I .1 2 .  I a n  T. 1932 -  : s c l e r o t i c s  t f h i t e i i  i r i s  h a z e l :
c o lo u r  v i s i o n  norm al .
C h i ld re n  o f  V.14
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V I .1 3 . Marie  F.  1922 -  ; s c l e r o t i c s  w h i t e ;  i r i s  h l u e ;
UJ i T H  I I  I X £ S >
c o lo u r  v i s i o n  norm al ;  e a ss  Gcf a s t ig m a t i sm  
c o r r e c t e d ;  VA6 / 6 ,  r i g h t  and l e f t .
V I .14 .  Sa rah  F. s u r v i v i n g  tw in ,  I 923 -  ; s c l e r o t i c s  
w h i t e ;  i r i s  h a z e l ;  ( V I .15 .  s t i l l - h o r n  t w i n ) .
V I . l 6 .  Nan F. 1928 -  ; s c l e r o t i c s  w h i t e ;  i r i s  browni
VI. 17 .  Female,  1934-'. d i e d  a e t .  3& y e a r s .
V I . 1 8 .  Male, 193B; s t i l l - h o r n .
C h i ld ren  o f  V . l 6 .
V I . 1 9 .  Marion T. 1922 -  ; s c l e r o t i c s  w h i t e ;  i r i s  h l u e ;
c o lo u r  v i s i o n  normal;  myopic a s t ig m a t i sm ;  Va6/24;  
J . l .  r i g h t  and l e f t .
V I . 20.  Wil l iam T. 1925 -  ; s c l e r o t i c s  w h i t e ;  i r i s  
brown; ? a 6/ 9 ; c o lo u r  v i s i o n  normal .
V I . 2 1 .  Alexander  T. 1927 -  ; s c l e r o t i c s  w h i t e ;  i r i s  
h l u e ;  VA6 / 6 ; c o lo u r  v i s i o n  normal .
V I . 22 .  Helen T. 1931 -  ; s c l e r o t i c s  white  i r i s  h a z e l ;  
c o lo u r  v i s i o n  normal;  VA6 /1 2 .
C h i ld ren  o f  V . l 8 .
V I . 2 3 . Martha T. 1925 -  ; s c l e r o t i c s  w h i te ;  i r i s  g rey ;  
h i s t o r y  o f  s q u i n t ;  wearing-#-4 . 0  Sphere ,  r i g h t  
and l e f t .
V I . 24 .  E l s i e  T. 1928 -  ; s c l e r o t i c s  w h i te ;  i r i s  h l u e .
V I . 25 .  Will iam T. 1931 -  5 s c l e r o t i c s  w h i t e ; !  i r i s  h l u e ;  
c o lo u r  v i s i o n  normal.
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V I . 2 6 .  North  T. 1923 -  ; s c l e r o t i c s  w h i te ;  i r i s  b lu e ;
c o lo u r  v i s i o n  norm al .
V I . 27# Joyce  T. 1934- * I s c l e r o t i c s  w h i te ;  i r i s  b l u e ;
C h i ld  o f  V.20.
V I . 28.  E l l a  T. 1932 -  ; s c l e r o t i c s  w h i te ;  i r i s  b l u e .
Family B.
I V . 3# Mrs MacC. 1869 ; d ie d  a e t .  25; b lu e  s c l e r o t i c s ;
b ro ke  a l e g  w i th  a  c r i c k e t  b a l l ;  no d e a fn e s s ;
had  f i v e  c h i l d r e n ,  f o u r  g i r l s  and one boy,  some 
o f  whom a re  r e p o r t e d  to  have b lu e  s c l e r o t i c s  by
I V . l .  This f am i ly  em ig ra te d  to America and 
I  have n o t  been a b le  to  t r a c e  any o f  them.
I V .4 .  Mr. MacC. no in f o r m a t i o n .
V .2 5 , 2 6 ,2 7 , 2 8 ,  and 29. No r e l i a b l e  in f o r m a t io n ;  i n  
Canada; a cc o rd in g  to  I V . l .  some o f  th e se  
c h i l d r e n  were a f f e c t e d .
Family C.
I V .5 .  Sa rah  MacC. ( M r s . l . )  I 87I ;  d i e d  a e t .  3 8 , i n  
Canada; b lu e  s c l e r o t i c s ;  d e a f ;  broke  bo th  
arms w hi le  s k a t i n g ;  she had n in e  c h i l d r e n ;  
two d ie d  i n  i n f a n c y .
v . 3 0 .
N/O
V.31.
v .  32.
V.34.
V . 3 5 .
V .36 .
V . 3 9 .
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Will iam L. 1895 -  ‘ b lu e  s c l e r o t i c s :  i r i s  b l u e :
a r c u s : h y p e r m e t r o p i c :  h e i g h t  5 '  3" :  has  only  had
two f r a c t u r e s ,  b o th  i n  th e  l e f t  arm, i n  1911 and in  
1 9 1 2 : no d i s l o c a t i o n s :  s l i g h t  o c c i p i t a l  and f r o n t a l
b o s s i n g :  d e a f n e s s  came on when t w e n t y - f i v e :  no
t i n n i t u s :  c o lo u r  v i s i o n  abnormal:  I s h i h a r a ,  7th
e d i t i o n ,  12 :3  5 :70  27:2 5 :1 7  21:12 21:21 1 5 : -  
5 2:43  7 3 : -  - : 3 5  9^:  S t i l l i n g ' s  P l a t e s ,  9 , 5 8 ,
- * 2 , 5 . 6 , 7 , - , 8 , - , - , 5 , 6 , - , 80 , - , OH,1 6 , - ,  
8 , 5 8 , 9 , 2 , 4 5 , 4 9 .  When t e s t e d  w i th  Edridge  Green 
l a n t e r n ,  he c a l l e d  g ree n  " l i g h t  b l u e " ,  and ye l low  
" r e d " .  I t  i s  o f  i n t e r e s t  t h a t  t h i s  man 's  
o c c u p a t io n  i s  t h a t  of  a house p a i n t e r .
Mrs. Wil l iam L. s o l e r o t i c s  w h i t e .
I s a i a h  I .  and h i s  w i f e ,  V.33* l i v e  in  Canada: 
th ey  have one son,  71.35*
Mrs. Sarah  F. a cc o rd in g  to  I V . l .  has  b lu e  
s c l e r o t i c s :  has  had f o u r  c h i l d r e n  o f  whom one
was r e p o r t e d  t o  be b l i n d ,  by I V . l .
James L. s c l e r o t i c s  w h i t e :  n o t  m a r r ie d :  d ied  a
few y e a r s  ago.
W al te r  I .  l i v e s  in  Vancouver and i s  i n  th e  t h e a t r e  
b u s i n e s s :  r e p o r t e d  to  be norm al :  i s  m a r r ie d :  has
one d a u g h te r ,  V I .40.
Mrs. N e l l i e  W. 1908 -  : s c l e r o t i c s  w h i t e :  i r i s
h a z e l :  no f r a c t u r e s :  no d i s l o c a t i o n s :  no
d e a f n e s s :  no b o s s in g :  has f o u r  normal c h i l d r e n .
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V.41. R obe r t  L. d i e d  i n  i n f a n c y .
V.42.  W a l te r  I .  d i e d  i n  i n f a n c y .
V .43.  R o b e r t  John L. 1908 -  : s c l e r o t i c s  b l u e :  i r i s  b lu e :
t h r e e  f r a c t u r e s  i n  each arm, and two l e g s  b roken  in
c h i ld h o o d :  no f r a c t u r e s  s i n c e  1924: o c c i p i t a l
b o s s i n g :  s l i g h t  d e a f n e s s  in  l e f t  e a r ,  came on a t
t h i r t y  y e a r s  o f  a g e :  s l i g h t  t i n n i t u s :  h e ig h t  5 ' 3 ":
I s h i h a r a ,  4 t h . e d i t i o n ,  12:3 - : 2  2 7 : -  - : 8  9:5
-  42:  7 th ,  e d i t i o n ,  12:3  5 :70  35:2  5 :17  2 1 : -  - :
15 - : 5  ^ :45 75:24 4 :32  9 : S t i l l i n g ' s  P l a t e s ,
9 f 5 8 , - f - , 5 * - , 7 , - » 8 , - , - , - , - , - , - , 4 3 , 5 6 . 3 9 * C H , - , - , 8 ,  
5 8 ,9 2 ,4 8 ,4 9 »  When t e s t e d  w i th  Edr idge  Green L an te rn ,  
a p e r t u r e  3 , he saw b l u e . "g ree n "  an& y e llo w  "p ink" :
a p e r t u r e  2 , he saw g re e n  " b lu e"  and y e l lo w  "red"
and b lu e  "more l i k e  b l u e " .
C h i ld re n  o f  V.3 0 .
V I . 29.  Sa rah  L. 1923 -  : s c l e r o t i c s  w h i te :  i r i s  b lu e :
no f r a c t u r e s :  no d e a f n e s s :  h e i g h t  5 '  4 " .
V I . 30 .  W i l l i e  L .  1925 -  : s c l e r o t i c s  b l u e :  i r i s  b lu e :
f r a c t u r e d  r i g h t  l e g ,  s l s o  l e f t  arm tw ice  when about 
s i x  y e a r s  o ld :  no d e a f n e s s :  s l i g h t  o c c i p i t a l  and
f r o n t a l  b o s s in g :  h e i g h t  4 '  8 ".
V I . 3 1 . S t i l l - b o r n .
V I . 32 .  Male, d i e d  o f  c o n v u ls io n s  i n  i n f a n c y :  f a t h e r ,  V.3 0 .
s t a t e s  t h a t  h i s  eyes were b l u e :  no f r a c t u r e s :
r e p o r t e d .
1 28
V I . 33* J e s s i e  L. 1930 -  : b l u e  s c l e r o t i c s :  broken
r i g h t  arm.
V I . 3 4 .  Annie L.  1932 -  : s c l e r o t i c s  w h i t e :  i r i s  b lu e :
no f r a c t u r e s :  no d e a f n e s s :  no b o s s in g .
C h i ld re n  o f  V.3 9 .
V I .4 2 .  James W. 1931 -  : s c l e r o t i c s  w h i te :  no
f r a c t u r e s :  no d e a f n e s s :  c o lo u r  v i s i o n  normal .
V I .43* W il l iam W. 1933 " : s c l e r o t i c s  w h i t e :  i r i s  b l u e :
no f r a c t u r e s :  no d e a f n e s s :  no b o s s in g .
V I .4 4 .  C a th e r in e  W. 193^ -  : n o t  examined.
Family D.
I V .7 .  Jam es ina  C. 1873 -  1937: s c l e r o t i c s  b l u e :
s u f f e r e d  from d e a f n e s s :  t i n n i t u s :  numerous
f r a c t u r e s :  had seven c h i l d r e n .
I V . 8 . Mr. C. s t a t e d  t h a t  a fam ily  descended from a f u l l  
c o u s in  o f  I V . 7 . 1s grandmother  had b lu e  s c l e r o t i c s .  
This  f am i ly  has  n o t  been t r a c e d  as y e t .
V.45 .  David C. 1899 -  : s c l e r o t i c s  b l u e :  i r i s  g re y :
arm broken th r e e  or  f o u r  t im e s :  marked p a r i e t a l
b o s s i n g :  d e a f n e s s :  o c c a s io n a l  t i n n i t u s :  marr ied :
two c h i l d r e n ,  one with  b lue  s c l e r o t i c s  and the  
o t h e r  normal:  h e i g h t  5* 3 " : I s h i h a r a ,  4 th
e d i t i o n  norm al .
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V .4 7 • Agnes C. 1900 -  : b lu e  s c l e r o t i c s :  i r i s  g rey :
b ro k en  arm and l e g :  double  j o i n t e d  i n  thumbs and
t o e s :  d i s l o c a t e d  knee cap:  s l i g h t  d e a f n e s s :
p a r i e t a l  and o c c i p i t a l  b o s s in g  ‘ one u n a f f e c t e d  
so n ,  V I . 47.  who was bo rn  w i th  a t o o t h .  His c o lo u r  
v i s i o n  i s  norm al .
V.49. Sam C. 1903 -  : s c l e r o t i c s  w h i t e :  c o lo u r  v i s i o n
n o rm a l :  has  had seven  c h i l d r e n :  s i x  a r e  a l i v e
and one boy,  V I .49* has d e f e c t i v e  coloui? v i s i o n :  
none has  b lu e  s c l e r o t i c s .
V.51.  I n a  C. 1905 -  : s c l e r o t i c s  b l u e :  i r i s  g rey :
t h r e e  b roken  c o l l a r  bones and b roken  f i n g e r :  
no double J o i n t s :  no d e a f n e s s :  h e i g h t  4* 11":
V .52 .  W i l l i e  C. 1908 -  : s c l e r o t i c s  w h i t e :  i r i s  b l u e :  
no f r a c t u r e s :  no d e a f n e s s :  h e i g h t  5 1 7 i n '
m a r r i e d :  has  f o u r  normal c h i l d r e n .
V .5 3 .  Mrs. W i l l i e  C. i r i s  h a z e l .
V.54.  Jean  C. 1909 -  1923: had b l u e  eyes :  no f r a c t u r e s :
d i e d  o f  p e r i t o n i t i s .
V .55 .  James C. 1911 -  : s c l e r o t i c s  b l u e :  i r i s  g rey :
two b roken  arms: no d e a f n e s s :  no d i s l o c a t i o n s :
s l i g h t  p a r i e t a l  b o s s in g :  c o lo u r  v i s i o n  d e f e c t i v e :
I s h i h a r a ,  7 th  e d i t i o n ,  12:3 5:28  25:2 5 :2 ?  2 1 : -  - :  
18 - : 5  2:45 78 :20  40:30 94: i s  m arr ied
and h a s  one d a u g h te r ,  born  February ,  1939*
C h i ld re n  o f  V.45. 130
V I .45* N e i l  C. s c l e r o t i c s  w h i te :  broken arm.
V I .4 8 .  David C. b lu e  s c l e r o t i c s :  b roken  l e f t  l e g .
C h i ld re n  o f  V.52.
V I .55* James C. 1932 -  : u n a f f e c t e d :  i r i s  g r e y - b l u e .
V I .5 6 . David C. 1934 -  : u n a f f e c t e d :  i r i s  g r e y - b l u e .
V I .57* Ann C. 193^ -  : u n a f f e c t e d :  i r i s  g r e y - b l u e .
V I .58 .  I n a  C. 1937 -  : u n a f f e c t e d :  i r i s  g r e y - b l u e .
Family E.
I V .1 0 .  Annie McC. 1875 -  1935: s c l e r o t i c s  b lu e :  
f r a c t u r e s :  s t o n e  d e a f :  m a r r ie d  tw ic e :  had 
seven  c h i l d r e n ,  f o u r  by h e r  f i r s t  m ar r iag e ,  and 
t h r e e  by h e r  second.
V.57.  Hughie McC. 1897 -  : s c l e r o t i c s  w h i t e :  i r i s  b lu e :
no f r a c t u r e s :  s l i g h t l y  d e a f :  I s h i h a r a  normal:
V.5 8 . Mrs. Hugh McC. haze l-b row n i r i s .
V.5 9 . W i l l i e  McC. 1900 -  : s c l e r o t i c s  w h i t e :  i r i s
brown: no f r a c t u r e s :  no d e a f n e s s :  h e i g h t  5 '  6":
I s h i h a r a ,  4 th  e d i t i o n ,  - , 1 2 : - , - : 2 , 2 1 : - , - : 6 , 7 : 5 , 2 :
Defect  confirmed w i th  I s h i h a r a ,  7^h e d i t i o n ,  
and  S t i l l i n g ' s  P l a t e s .
V .6l .  Mrs. Mary McC. 1902 -  : s o l e r o t i c s  b l u e :  broken
a n k l e :  no d e a f n e s s :  t h r e e  c h i l d r e n .
V.6 3 . Annie McC. 1905 -  : normal:  i r i s  g re y :  no
broken  bones :  s l i g h t l y  d e a f :  running  ea r
sometimes:  n o t  m ar r ied .
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V.64.  Thomas McG. 1910 -  : s c l e r o t i c s  b l u e :  i r i s
b l u e - g r e y :  b o th  arms broken s e v e r a l  t im es :
d i s l o c a t i o n s :  l o o s e n e s s  o f  j o i n t s :  p a r i e t a l
and s l i g h t  o c c i p i t a l  b o s s in g :  h e i g h t  5 ' 3i " .
V .6 5 . Fann ie  McG. 1911 -  : s c l e r o t i c s  b l u e :  i r i s  b lu e :
b ro k e n  a n k le :  no d e a fn e s s :  n o t  m arr ied :  h e i g h t  5 '*
V.6 6 . John McG. 1913 ~ : s c l e r o t i c s  b lu e :  i r i s  g rey :
h e i g h t  5 ' 2£ " :  seven f r a c t u r e s  i n  l e g :  no
d e a f n e s s :  marked o c c i p i t a l  b o s s in g  and s l i g h t
f r o n t a l  b o s s i n g .
C h i ld re n  o f  V.57*
V I .6 0 . HughiMcC. 1918 -  : s c l e r o t i c s  w h i t e :  i r i s  h a z e l :
I s h i h a r a  norm al .
V I .6 1 .  John McC. 1920: d ie d  a e t .  10 months.
V I . 62.  John McC. 1921 -  : s c l e r o t i c s  w h i t e :  i r i s  h aze l :
I s h i h a r a  normal;
V I . 6 3 . Annie McC. 1924 -  : s c l e r o t i c s  w h i t e :  i r i s
brown: I s h i h a r a  norm al .
V I . 6 4 .  Marion McC. 1 9 2 6 : d i e d  o f  m e n in g i t i s  a e t .  5J .
V I . 6 5 . E l i z a b e t h  McC. 1928 -  : i r i s  haze l-brown.
V I . 6 6 . W i l l i e  McC. 1931 * : s c l e r o t i c s  w h i te :  i r i s
brown: f r a c tu r e d  h ip  i n  bus a c c id e n t :  fra c tu r ed
f i n g e r .
V I . 6 7 . Robert  McC. 1933 -  * s c l e r o t i c s  w h i te :  
f r a c t u r e d  l e g  i n  bus a c c i d e n t .
C h i ld re n  o f  V.59.  T^ 2
V I . 6 8 . Hugh McC. 1926 -  : n o t  examined.
V I . 69 . E l l e n  McC. 1929 -  : s c l e r o t i c s  w h i te :  i r i s  grey:
no f r a c t u r e s .
V I . 70.  May McC. 1934 -  : s c l e r o t i c s  w h i t e :  i r i s  brown.
C h i ld re n  o f  V.6l .
V I . 71* Nan McC. 1925 -  : s c l e r o t i c s  b l u e :  i r i s  brown:
r i g h t  arm broken  when two y e a r s  o ld :  o c c i p i t a l
and tem poral  b o s s i n g :  no d e a f n e s s .
V I . 72.  Rose McC. 1929 -  : s c l e r o t i c s  b l u e :  i r i s  h a z e l :
l e g  b roken  when a e t .  5 : s l i g h t  p a r i e t a l  b o ss in g .
V I . 73* May McC. 1931 " : s c l e r o t i c s  w h i t e :  i r i s  brown:
no b roken  bones :  n o t  examined as  she was in
h o s p i t a l  w i th  d i p h t h e r i a :  in f o r m a t io n  from
p a r e n t s .
Family F.
I V . 12 .  Will iam McC. 1880 -  : s c l e r o t i c s  b l u e :  i r i s
da rk  h a z e l :  broken c o l l a r  bone when e i g h t  y e a r s
o l d :  s l i g h t  p a r i e t a l  and o c c i p i t a l  b o s s in g :
d e a fn es s  i n  b o th  e a r s ,  r i g h t  e a r  worse than 
l e f t :  d e a fn es s  came on a t  age of  t w e n ty - e ig h t :
marked t i n n i t u s :  h e i g h t  5 1 5h" •
I V . i 3 .  Mrs. Wil l iam McC. 1883 -  : i r i s  brown: no deaf
r e l a t i v e s :  no g l a s s e s :  has  had se v en teen
c h i l d r e n  a l l  o f  whom g o t  t h e i r  t e e t h  when about
v .67. 
v.69.  
v. 70.
7 .7 3 .
v . 7 4 .
v . 7 5 .
v.  76.
j. t->
f o u r  months:  r e l a t i v e s  s h o r t - s i g h t e d :  two u n c le s
h l i n d :  a l l  a d u l t  c h i l d r e n  5 ' 1 " to  5 ' 2".
Mrs. C h r i s t i n a  C. 1901 -  : s c l e r o t i c s  b l u e :  two 
f r a c t u r e s :  s l i g h t  d e a f n e s s :  has  two d a u g h te r s ,
e l d e s t  s l i g h t l y  d e a f :  bo th  have b lu e  eyes :  n o t
examined: i n f o r m a t i o n  from p a r e n t s .
Mary McC. 1904 -  : s c l e r o t i c s  b l u e :  i r i s  h a z e l :
f r a c t u r e d  arm, l e g  and c o l l a r  bone:  very  dea f :
d e a f n e s s  commenced a t  age o f  n i n e t e e n :  no
d i s l o c a t i o n s :  no b o s s in g .
W i l l i e  McC. 1906 -  193^ : s c l e r o t i c s  b lu e :  no
f r a c t u r e s :  d e a f  on r e t u r n  from I n d i a :  d i s l o c a t e d
j o i n t  i n  army when boxing :  k i l l e d  by f a l l i n g  o f f
a s c a f f o l d  w hi le  a t  work as a house  p a i n t e r :  two
a f f e c t e d  c h i l d r e n .
Mrs. J a n e t  W. 1910 -  : s c l e r o t i c s  b l u e :  i r i s
brown: no f r a c t u r e s :  no d i s l o c a t i o n s :  very
d e a f :  t i n n i t u s :  s l i g h t  o c c i p i t a l  b o s s in g :  has
one son ,  V I . 78.
Agnes McC. 1911 -  : s c l e r o t i c s  w h i t e :  i r i s  h a z e l :
no f r a c t u r e s :  no d e a f n e s s :  no b o s s in g .
M aria  McC. 1914 -  : s c l e r o t i c s  b l u e :  i r i s
h a z e l :  d i s l o c a t i o n  o f  elbow and w r i s t :  no
d e a f n e s s :  no t i n n i t u s :  b o rn  w i th  a t o o th :
o c c i p i t a l  b o s s in g :  double j o i n t e d  thumbs and to e s .
S a rah  McC. 1918 -  : s c l e r o t i c s  b l u e :  f r a c t u r e d
l e g ,  arm and c o l l a r  bone:  very d e a f :  deafness
V . 7 7 .
V.78.
V . 7 9 .
v.8o.
V.8 1 .
v . 8 2 .
V.8 3 ,
VI. 74
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commenced when t h i r t e e n  y e a r s  of  age :  t i n n i t u s :
double  j o i n t e d  thumbs and t o e s :  o c c i p i t a l  and
s l i g h t  p a r i e t a l  b o s s in g .
Robert  McC. 1922 -  1924: s c l e r o t i c s  b l u e :  no
f r a c t u r e s :  d i e d  o f  a c u t e  d i a r r h o e a  and m e n i n g i t i s .
Quinton  McC. 1920 -  : s c l e r o t i c s  b lu e :  i r i s
h a z e l :  f r a c t u r e  o f  b o th  elbows and broken arms
f o u r  t im e s ,  a l s o  t h r e e  o r  f o u r  r i b s :  s l i g h t l y  deaf :
no t i n n i t u s :  o c c i p i t a l  b o s s in g :  h e i g h t  5 ' 3"*
James McC. 1921 -  1923: s c l e r o t i c s  b lu e :
f r a c t u r e d  l e g .
Annie McC. 1924 -  : s c l e r o t i c s  w h i t e :  i r i s  brown:
no f r a c t u r e s :  no d e a f n e s s :  no double  j o i n t s :
h e i g h t  5 ' 3 "* t a l l e r  than  the  o t h e r s .
M argare t  McC. 1930 -  : s c l e r o t i c s  w h i t e :  i r i s
brown: f r a c t u r e d  c o l l a r  bone:  no d e a f n e s s :  no
b o s s i n g :  double j o i n t e d  thumbs and lo o sen ess  of
j o i n t s .
M argare t  McC. d ied  a e t .  n in e  months: s c l e r o t i c s
b l u e :  no f r a c t u r e s .
84, 85 , and 86 d ied  a t  b i r t h  o r  i n  i n f a n c y .  Exact 
p o s i t i o n  i n  s i b s h i p  n o t  known.
C h i ld ren  o f  V.67 .
J a n e t  C. 1922 : s c l e r o t i c s  b l u e :  i r i s  h a z e l :
f r a c t u r e d  l e g ,  two arms, elbow, and w r i s t :
I3!>
d e a f n e s s  f o l lo w in g  m as to id  a e t .  n i n e t e e n  y e a r s :  
s l i g h t  o c c i p i t a l  b o s s in g .
V I . 75* Agnes C. 1923 " : n o t  examined: b lu e  s c l e r o t i c s :
i n f o r m a t i o n  from I V .1 2 . and 13 .
C h i ld re n  o f  V.70.
V I . F e m a l e  1934 -  1938* s c l e r o t i c s  b lu e :  l e g
f r a c t u r e d  t h r e e  t im es :  c o l l a r  bone broken  when
b o rn :  difed o f  m as to id  d i s e a s e .
V I .77 .  W i l l i e  McC. 1937 ~ ' s c l e r o t i c s  b l u e :  double 
j o i n t e d :  no broken  bones :  h e a l th y  c h i l d .
Child  o f  V.72.
V I . 7 8 . Malcolm W. 1932 -  : s c l e r o t i c s  b lu e :  f r a c t u r e d  
l e g  th r e e  t im e s :  l o o s e n e s s  of  j o i n t s :  no
d e a f n e s s :  p a r i e t a l ,  o c c i p i t a l  and f r o n t a l  b o s s in g .
Family G-.
I V . 14 .  Samuel McC. 1882 -  : s c l e r o t i c s  b lu e :  d eafness :
t i n n i t u s :  may have had f r a c t u r e d  hand a s ' a  small
boy: c o lo u r  v i s i o n  normal.
V .8 7 . Sam McC. 1905 -  : s c l e r o t i c s  b l u e :  i r i s  b lu e :
f r a c t u r e d  s k u l l ,  w r i s t  and p e lv i s  i n  a c c id e n t  in  
1925: no d e a f n e s s :  no b o s s in g ,  b u t  head has a
s q u a re  ap p ea ra n c e :  h e ig h t  5* 4 " .
V.8 8 . Mrs.  Sam McC. i r i s  brown.
V.8 9 . James McC. 1907 -  : s c l e r o t i c s  w h i te :  no
f r a c t u r e s :  no d e a f n e s s :  n o t  examined: in fo rm at ion
from I V .14.
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V.91 .  R o b e r t  McC. 1922 -  : s c l e r o t i c s  w h i t e :  no
f r a c t u r e s :  no d e a f n e s s :  n o t  examined: in f o r m a t io n
from V.8 7 .
C h i ld re n  o f  V.87 .
V I . 7 9 . Samuel McC. 1932 -  : s c l e r o t i c s  b l u e :  i r i s  b lu e :
d i s l o c a t e d  s h o u l d e r  a e t .  2 no d e a fn e s s :  no
b o s s i n g ,  b u t  head  has square  appearance  ( l i k e  h i s  
f a t h e r ) .
V I . 80.  C a th e r in e  McC. 1939 -  : s c l e r o t i c s  b lu e :  i r i s
brown: no f r a c t u r e s :  no b o s s in g .
I V . 1 6 .  Mr. B. 1871 -  : son o f  I I I . 3 . :  c o lo u r  v i s i o n
n o rm a l .
I V . 1 7 .  Mrs .  B.
V.92.  D a u g h te r  o f  I V . l 6 . and 17.
T a b le s  4 - 8  showing the  r e s u l t s  of  
B lood  Group and T as te  T es ts  i n  the  
Members o f  P e d ig r e e  K .
Table 4 Family  A.
Table 5 Family 8 .
Table 6 Family D.
Table 7 Family E.
Table 8 F a m i l i e s  F and G .
No.
Fam ily  A
Name.
0
Blood.
Table
Tas te
4. '
0
Pfc
I V . 1 . M r s . T. ON No T
I V . 2 . Mr. T. OMN No No
V . l . James T. ON No No
V.5 . W il l iam  T. ON T T
v . 6 . Mrs.  Win. T. Not b l e d No No
v i . 4 . Moira  T. Not b l e d No No
V.8 . Mrs.  G. ON No No
V I . 7 . James G. ON No T
VI.S . E lp h in s to n e  M. OMN No No
V.IO. John T. ON No T
V.12. Sam T. ON No T
V.13. Mrs. Sam T. BMN No T
VI. 9 . Andrew T. BN No No
VI. 10. M a rg a re t  T. BMN No No
V I . 11. Roland  T. BMN No No
V I . 12 . I a n  T. BMN No T
V .1 4 . Mrs.  F. ON No T
V.15. Mr. F. OMN No T
v i . 13 . Marie  F. ON No No
V I . 1 4 . Sa rah  F. OMN No T
V I . 1 6 . Nan F. OMN No No
V.16. A le x an d e r  T. OMN No T
V.17. Mrs .  A le x .  T. A1.MN No T
v i . 1 9 . Marion T. AxN T T
V I . 20. W il l iam  T. OM No T
V I . 21. A le x an d e r  T. AaMN No T
V I . 22. H e len  T. Aa N No No
V.18 . Andrew T. ON No T.
V.19. Mrs.  Andrew T. BM No Np
v i .  23. M ar tha  T. BMN No T
V I . 24. E l s i e  T. OMN No T
VI. 25. W i l l i e  T. OMN No T
V I . 26. N or th  T. OMN No T
V. 20. C h a r le s  T. ON No T
V. 21. Mrs.  Chas.  T. Not b l e d No T
V I . 28. E l l a  T. Not b l e d No No
V.22. Roland T. ON No T
V.23. N o r th  T. ON Nb T
HQ
Family  C.
No. Name. B lood .
Table  5 • 
T a s t e .
V I . 2 9 .
v i .  30 .
V.39.
V.40.
V I . 41.
V I .42 .
V I .4 3 .
W il l iam  L. 
Mrs. Wm. L. 
S a rah  I .  
W i l l i e  I .  
J e s s i e  L. 
Annie 1 .
Mrs .  W.
Mr. W.
Sarah. W. 
James W. 
W il l ia m  W.
ON 
AiM 
A| MN 
OMN 
OMN
Not b l e d
BMN
BMN
BM
Not b l e d  
Not b l e d
T
No
No
No
No
No
No
No
No
No
No
T
No
T
T
T
No
No
T
T
T
T
V.43.  R o b e r t  J . L . BMN No No
00 .
Family
0 ame.
D.
B lo o d .
I  AO
Table  6 . 
T a s t e .
*5 I*6
I V . 8 . Mr. C. A,BM0 No T
V.4 7 . Agnes C. A, BN 00 T
V I . 4 7 . R o b e r t  C. Not b l e d No No
V.49. Sam C. BMN T T
v . 5 0 . Mr s.Sam C. OM T T
v i . 4 9 . John C. OM No T
v i . 50. J e an  C. BMN No No
v . 5i . I n a  C. A,N No T
v . 5 2 . W i l l i e  C. BN No T
v . 5 3 . Mrs. W i l l i e  C. A,N No T
V I . 5 5 . James C. A, BN No T
v i . 5 6 . David C. BN - -
v . 5 5 . James C. A, N No T
No.
v.5 7 .
v.5 8 .
V I . 60. 
V I .62. 
V I .63. 
VI.  6 s .
v i . 6 6 . 
v i . 67.
v.5 9 . 
vi. 69.
v . 6 1 .  
v . 6 2 .  
V I . 71.
V I .72.
V .63 .
V. 64 .
V .6 5 . 
v . 6 6 .
Family  E.
Name. B l o o d .
Table
T a s te
IAI
7 .
•
. ^ k*
Mr. Hugh McC. BMN No No
Mrs.  Hugh McC. AiM No T
Hugh McC. BM No T
John McC. A»BMN No T
Annie  McC. OMN No T
E l i z a b e t h  McC. OMN No No
W i l l i e  McC. AiM No No
R o b e r t  McC. At BMN No No
W i l l i e  McC. OMN No T
E l l e n  McC. OMN No T
Mrs. McC, OMN T T
Mr. McC. BM No T
Nan McC OMN No No
Rose McC BMN No T
Annie  McG. BMN No No
Thomas McG. OMN No No
F a n n ie  McG. BMN No T
John  McG. OMN No No 4
i
'
.  A
%
1
No.
I V . 1 2 .
i v . 13.
V .69.
V .7 2 .
V.7 4 .
V.7 5 .
V .76 .
V .78 .
V .60 .
V .8 1 .
V I . 7 4 .
I V . 14 .  
V .87 .
v .8 6 .  
v i .  7 9 .
i v . 16 .  
i v . 1 7 .  
v .9 2 .
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Family  F. Table  8 .
Name. B lood . T a s t e .
P* P*
Mr. McC. BN No No
Mrs. McC. OM No T
Mary McC. OMN No T
Mrs. ff. OMN No T
Agnes McC. OMN No T
M ar ia  McC. OMN No T
S arah  McC. OMN No No
Quin ton  McC. BMN No T
Annie McC. OMN No T
M a rg a re t  McC. Not b l e d No No
J a n e t  C. A,MN No T
(D a u g n te r  o f  V .6 7 -)
Family  G-.
Samuel McC. 
Mr. Sam McC. 
Mrs.  Sam McC. 
Sam McC.
BN .
AjlBMN
OMN
No
No
No
No
No
No
No
No
Mr. B. 
Mrs. B. 
H e len  B.
ON
OMN
OMN
No
No
No
T
T
T
( I V . l 6 . i s  a  nephew o f  I I I . 2 . )
/CHART KPEDIGREE OF COLOUR BLINDNESS , BLUE SCLEROTICS,BRITTLE BONES AND DEAFNESS
E X A M IN E D  
NOT EXAMINED 
DEAD OR ABROAD 
T O T A L
BLO O D GROUP T E S T  
PH E N Y LT H IO -C A R B A M ID E  T E S T
INFORMATION UNCERTAIN 
BLUE SCLEROTICS  
COLOUR BLIN D  5 +1
BLUE SCLEROTICS AND 
COLOUR B L IN D
" H i s t o r y  t e a c h e s  t h a t  t h e  commencement o f  every  
b ra n c h  o f  s c i e n c e  i s  n o t h in g  more t h a n  a  s e r i e s  
o f  o b s e r v a t i o n s  and  e x p e r im e n ts  which had  no 
o b v io u s  c o n n e c t i o n  w i t h  one a n o t h e r . "
J .  von L i e b i g  ( 1 84-6).
P a r t  IV.
Concern ing  t h e  I n h e r i t a n c e  o f  R e f r a c t i o n ,  Ear  Lohes 
and  I r i s  C o lo u r .
During t h i s  c e n t u r y  a c o n s i d e r a b l e  body o f  knowledge 
h a s  a r i s e n  c o n c e rn in g  th e  i n h e r i t a n c e  o f  f a c t o r s  
which  a r e  n o t  p a t h o l o g i c a l .  The o u t s t a n d i n g
example i s  t h e  work done upon th e  b lo o d  c ro u p s  r e f e r r e d  
t o  i n  t h e  p r e v i o u s  p a r t .  A g g l u t i n i n s  a r e  p r e s e n t
i n  o t h e r  t i s s u e  f l u i d s  such a s  th e  t e a r s ,  u r i n e  and 
s a l i v a  and i t  i s  p o s s i b l e  t o  c rou p  p a t i e n t s  i n  t h i s  
m anner .  Among th e  many normal  c o n d i t i o n s  which a r e
known to  be  m a in ly ,  i f  n o t  e x c l u s i v e l y ,  u n d e r  h e r e d i t a r y  
c o n t r o l  a r e  t h e  r e f r a c t i o n ,  t h e  c o n d i t i o n  o f  t h e  e a r  
l o b e s  and t h e  c o lo u r  o f  t h e  i r i s .  The i n h e r i t a n c e
o f  myopia i s  d i s c u s s e d  i n  P a r t  I  and  i t  must  be 
remembered t h a t  i t  i s  p o s s i b l e  to  work p u t  p e d ig r e e s  
showing th e  i n h e r i t a n c e  o f  a l l  t y p e s  o f  r e f r a c t i v e  
e r r o r .  The a s p e c t  o f  t h e  problems o f  r e f r a c t i o n
c o n s i d e r e d  i n  t h i s  p a r t  i s  t h e  h e r e d i t a r y  one .  Nobody 
has  a d v o c a te d  a  bad s o c i a l  env ironm ent  a s  a  method o f  
r e d u c i n g  hype ripe t r o p i a .
The i n h e r i t a n c e  o f  th e  e a r  lo b e s  a p p e a r s  t o  be 
c o n t r o l l e d  by one s e t  o f  f a c t o r s .  P a t i e n t s '  e a r
l o b e s  may be r e c o r d e d  a s  e i t h e r  a t t a c h e d  o r  f r e e .  I f  
t h e  l o b u l e  a d h e r e s  to  th e  s i d e  o f  t h e  head  i t  i s  r e c o r d e d  
a s  a t t a c h e d  : i f  t h e  l o b u l e  i s  pendan t  i t  i s  r e c o r e d  a s  
f r e e . .  The s t a t e m e n t  i s  made by B a u r , F i s c h e r  and
Benz ( 1931) t h a t  i n  c e r t a i n  p a r t s  o f  Germany a t t a c h e d  
l o b e s  o ccu r  i n  one q u a r t e r  o f  th e  p o p u l a t i o n .  I  am 
unaware o f  any f i g u r e s  a p p l i c a b l e  to  th e  West o f  .Scotland 
e x c e p t  t h o s e  g iv e n  be low .  F i l d e n  (1922)  h a s  shown
w i t h  a  h ig h  d e g ree  o f  p r o b a b i l i t y  t h a t  a t t a c h m e n t  o r  
ab sen c e  of  t h e  e a r  lo be  depends u ro n  a  r e c e s s i v e  f a c t o r .  
T h e r f o r e  i f  two p a r e n t s  a r e  r e c e s s i v e  a l l  t h e i r  c h i l d r e n  
w i l l  have  a t t a c h e d  l o b e s .  Homozygous f r e e - l o b e d
i n d i v i d u a l s ,  i f  the?? m ar ry  amongst th e m se lv e s  w i l l  onl?/- 
have  f r e e  l o b e d  c h i l d r e n .  H e te rozygous  p a r e n t s  w i l l
show a t h r e e  t o  one r a t i o  o f  f r e e  and  a t t a c h e d  l o b e s .
As t h i s  c o n d i t i o n  has g o t  no s e l e c t i v e  v a lu e  i t  would 
be  e x p e c te d  t h a t  t h e  m a. io r i ty  o f  p e o p le  would be 
h e t e r o z y g o u s ,  and c o n s e q u e n t ly  t h e  i n c i d e n c e  o f  a t t a c h e d  
l o b e s  would be a ro u n d  25 °/° .
I t  i s  w e l l  known t h a t  i n h e r i t a n c e  p l a y s  a  p a r t  
i n  t h e  c o l o u r  o f  th e  i r i s  and  a c o n s i d e r a b l e  l i t e r a t u r e  
e x i s t s  on t h e  s u b j e c t .  From t ime to  t im e  s t a t e m e n t s
a r e  found  i n  o p h t h a l m o lo g i c a l  l i t e r a t u r e  r e g a r d i n g  b o th  
i r i s  c o l o p r  and r e f r a c t i o n  which sh o u ld  be c a p a b le  of
i a 6
s t a t i s t i c a l  p r o o f .  'V i l l iam son-N ob le  (IQSft) s t a t e d
"I  t h i n k  t h e r e  i s  some a s s o c i a t i o n  "between t h e  i n h e r i t e d  
c o l o u r  o f  t h e  eyes  and t h e i r  i n h e r i t e d  r e f r a c t i o n .
To t a k e  a  s im p le  c a s e ,  say  t h e  m other  i s  "blue-eyed 
a n d  myopic and t h e  f a t h e r  b row n-eyed  and h y p e r m e t r o p i c ,  
i f  t h e  c h i l d  has  b l u e  eyes  he w i l l  p r o b a b ly  become 
a  myope, w hereas  i f  he has  brown eyes  he w i l l  p ro b a b ly  
n o t . "  I  have  h e a r d  i t  s t a t e d  t h a t  h i g h l y  myopic 
i n d i v i d u a l s  seldom have brown eyes and t h a t  glaucoma 
o c c u r s  more f r e q u e n t l y  i n  h a z e l - e v e d  p e p p le .  B ishop 
Harman (1913) s t a t e d  t h a t  " A s t ig m at i sm  s h o u l d  be  
c o r r e c t e d  n o t  o n ly  b e c a u se  i t  a c c o u n te d  f o r  p o o r  v i s i o n  
eye s t r a i n  and h e a d a c h e s ,  b u t  b e c a u s e ,  i n  many c a s e s ,  
i t  may be  t h e  f o s t e r  mother o f  myopia i n  s u s c e p t i b l e  
s u b j e c t s . "  I f  any o f  t h e s e  s t a t e m e n t s  i s  c o r r e c t
i t  s h o u ld  be  p o s s i b l e  to  c o l l e c t  d a t a  i n  s u p p o r t .
I n  t h e  c o u rs e  o f  r o u t i n e  r e f r a c t i o n  e x a m in a t io n  
t h e  c o l o u r  o f  t h e  i r i s ,  r e f r a c t i o n ,  and c o n d i t i o n  of  
t h e  e a r  l o b e s  were r e c o r d e d  i n  f i v e  hundred  p a t i e n t s .  
P a t h o l o g i c a l  c a s e s  were e x c luded  and t h e  c a s e s  came 
from H o s p i t a l  C l i n i c s . S c h o o l  C l i n i c s  and p r i v a t e  
p r a c t i c e .  The r e f r a c t i o n s  were c l a s s i f i e d  i n t o
two g r o u p s ,  h yperm etropes  and myopes. A s t igm at i sm  
was n o t  c o n s i d e r e d  i n  th e  c l a s s i f i c a t i o n  o f  t h i s  s e r i e s  
and t h e  h i g h e r  p lu s  o r  minus m e r id ia n  was t a k e n  a s  th e  
one which d e te rm in e d  c l a s s i f i c a t i o n .
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The i r i s  c o l o u r  was c l a s s i f i e d  i n t o  t h r e e  c ro u p s  
"brown,heterochrome and b l u e .  Thw brown did n o t
i n c l u d e  g r e e n i s h - b r o w n  o r  h a z e l  and t>ie b lu e  c roup  
was s t r i c t l y  l i m i t e d  t o  c r e y  and b l u e  w i t h o u t  any 
p igm en t  s p o t s  v i s i b l e  i n  t h e  i r i s  s t r o m a .  B lu e -eyed  
p e o p le  w i t h  a f r i n g e  o f  brown u v e a l  p igment  at, the  
i r i s  m a rg in  were c l a s s i f i e d  a s  b l u e .  The c o lo u r  
s t a n d a r d s  were based  upon P r o f . M a r t i n Ts A u c e n f a r b e n t a f e l  
i n  which t h e  l e f t  hand column was t a k e n  a s  th e  s t a n d a rd  
ffOT brown, t h e  r i g h t  hand column t h e  stand.ard f o r  
b l u e ,  and  t h e  i n t e r m e d i a t e  columns were grouped as
r e p r e s e n t i n g  t h e  h e te ro ch ro m e  c o l o u r s .
The e a r  l o b e s  were r e c o r d e d  s s  a t t a c h e d  o r  f r e e .  
A l th o u g h  numerous g r a d a t i o n s  were o bse rved  be tw een  th e  
s i z e  o f  th e  f r e e  l o b e s  and t h e  d e c ree  o f  a d h e s io n  
o f  t h e  a t t a c h e d ,  no g r e a t  d i f f i c u l t y  was found  c l i n i c a l l y  
i n  g r o u p in g  them a s  e i t h e r  a t t a c h e d  (A) o r  f r e e  ( F ) .  I n  
a l l  c a s e s  b o t h  l o b e s  were examined and one p a t i e n t ,  
o f  t h e  s e r i e s ,  was o b se rved  to  have one f r e e  lo b e  and 
one a t t a c h e d .  This was c o n s id e re d  to  be  o f  s u f f i c i e n t
i n t e r e s t  t o  i n v e s t i g a t e  a l i t t l e  more f u l l y  and h e r  
f a m i ly  h i s t o r y  was worked o u t .  This forms P e d ig re e  1
and  i t  i s  d e s c r i b e d  a t  th e  end o f  t h i s  s e c t i o n .
14ft
I t  was found? t h a t  27) o f  t h e  p a t i e n t s  had 
a t t a c h e d  e a r  l o b e s .  This  i s  i n  k e e p in g  w i th
t h e  s t a t e m e n t  made "by B a u r , F i s c h e r  and Lenz concerninfr  
t h e  p o p u l a t i o n  i n  c e r t a i n  p a r t s  o f  Germany which  has 
a l r e a d y  heen  r e f e r r e d  t o .  I t  i s  a l s o  i n  ke ep in g
w i t h  t h e  t h e o r e t i c a l  25 °t° i n c i d e n c e  which would he 
e x p e c te d  on t h e  h y p o t h e s i s  t h a t  t h e  c o n d i t i o n  i s  due 
t o  a s i n g l e  r e c s s i y e  f a c t o r  which  i s  w id e ly  s p re a d  i n  
t h e  p o p u l a t i o n .  When t h e  f i g u r e s  shown i n  th e
t a b l e s  were s u b m i t t e d  t o  a n a l y s i s  i t  was found  t h a t  
t h e r e  was an  e x c e s s  o f  women w i th  a t t a c h e d  e a r  l o b e s ,  
g r e a t e r  t h a n  sh o u ld  a r i s e  by ch an c e .  The a n a l y s i s
was c a r r i e d  o u t  by Mr. F.W.Norton a t  th e  G a l to n  L a b o r a to r y .  
Ass f a r  a s  we knew t h i s  s e x u a l  d i f f e r e n c e  had n o t  been  
p r e v i o u s l y  r e c o r d e d .  As i t  m ight  be due to  the
r a c i a l  m ix tu r e  i n  th e  West o f  S c o t la n d  a n o t h e r  s e r i e s  
o f  c a s e s  was c o l l e c t e d  i n  London by Dr. R.R.Raee and 
on a n a l y s i s  t h e  same se x u a l  d i f f e r e n c e  was o b se rv e d .
The whole m a t t e r  i s  to  be t h e  s u b j e c t  o f  a  j o i n t  paper  
which  i s  i n  c o u rs e  o f  p r e p a r a t i o n .
The i n c i d e n c e  o f  myopia i n  t h i s  s e r i e s  was 21 .8  ft 
As t h e  p a t i e n t s  were s e en  p r i m a r i l y  b e c a u se  o f  r e f r a c t i v e
I A Q
e r r o r s  th ey  a r e  a  s e l e c t e d  g ro u p  t u t  th e  f i g u r e  i*  
o f  i n t e r e s t  i n  r e l a t i o n  t o  o t h e r s  which have  been  
p u b l i s h e d .
Tab le  P.
P e r c e n t a g e  number o f  c a se s  o f  myopia i n  d i f f e r e n t  
p o p u l a t i o n s ,
*
S c h e e r e r  (A d u l t  see  Tab le  2) 1 0 . ?
R i d d e l l  ( A d u l t  s ee  Tab le  2 ) IA .3
R i d d e l l  ( C h i l d r e n  and A d u l t s )  21,8
Brown ( A d u l t  s e e  Table  2) 2 ^ .8
B ish o p  Barman ( N.O. T . B . F i b r e s  IP36) 27.25
The R .O .T .B .  f i g u r e s  a r e  b a s e d  upon 30*000 
p a t i e n t s  ove r  th e  age o f  l 6 who were examined by  
v a r i o u s  oph tha lm ic  su rg e o n s  f o r  t h e  N a t i o n a l  Ophthalmic  
T re a tm e n t  Board .  I n  s p i t e  o f  t h e  l a r g *  number*
examined t h e  b a s i s  o f  t h e  f i g u r e s  i s  a  s e l e c t e d  group  
o f  p e o p le  who were c o m p la in ing  a b o u t  t h e i r  eye* and 
came u n d e r  t h e  c a r e  o f  t h e  v a r i o u s  s u rg e o n * .  I n  my
o p i n i o n  a  p e r c e n t a g e  o f  27.25 o f  myopia i s  to o  h ig h
an  e s t i m a t e  o f  th e  i n c i d e n c e  i n  t h e  g e n e r a l  p o p u l a t i o n .  
This  forms more ev idence  f o r  th e  need  o f  an u n s e l e c t e d  
r e f r a c t i o n  cu rve  o f  t h e  p o p u l a t i o n .
1 * 0
The d i f f e r e n t  i r i s  c o l o u r s  v a r i e s  c r e a t l v  i n  
European  p o p u l a t i o n s  and. th e  f o l l o w i n g  t a b l e  has 
b e e n  c o n s t ru c te d ,  from v a r i o u s  p u b l i s h e d  s o u r c e s  
i n d i c a t e d  i n  t h e  l a s t  column.
Tab le  1 0 .
P e r c e n t a g e  I n c i d e n c e  o f  B lu e .P e te ro c h ro rae  and Brown 
I r i d e s  i n  d i f f e r e n t  European C o u n t r i e s .
B lu e  H e terochrom e Brown O b serv e r
Sweden 8 6 .9 8 .1 5 -0 Lundberg ( 1 9 2 2 - 2 4 ) .
Worway 63 .7 22 .Q 1 4 . X Brvn  ( 1 9 2 9 ) .
Denmark 26 .90 5 <3.14 I X . q 6 Enkelimd ( 1 9 7 8 ) .
Baden 64.8 2 7 . Q 1 2 .6 Ammon(quoted bv Eskelund)
I t a l y 1 0 .* 20 .6 fiq. i L iv i  ( q u o te d  bv Eskelund)
England 3 0 .8 55 .4 14 .0 G a l to n  ( 1 8 8 6 ) .
S c o t l a n d 4 2 .8 48 .8 8.-1 R i d d e l l  ( i q 7q ) .
X B ry n 1s f i g u r e s  were 6 7 .7  f> b l u e  e y es ,  2 2 .q  #
m ix tu re p a l e  e v e s .  ;E2.5 * m ix tu re  d a rk  and 1 .8
brown e y e s .  I  have added th e  l a s t  two c ro u p s
t o g e t h e r .
ZZ G a l to n  d i v i d e d  th e  i r i s  c o l o u r  i n t o  e i g h t  c roups
and I  have added b i s  c ro u p s  I  and 2 t o g e t h e r  f o r  
b l u e  t  3 , 4 , 5  6 f o r  ’ h i t e r o c h r o m e  and 7 and 8
f o r  brown.
Waarderiburg (19*2)  s t a t e s  t h a t  in  N o r th e r n  Europe
more women t h a n  men have n o n -b lu e  o r  brown i r i s  c o l o u r s .
He supposes  t h a t  t h i s  f a c t  i s  dependen t  upon a 
dominant  s e x - l i n k e d  gene • a  s u g g e s t i o n  which was 
f i r s t  made by T.eng. T h is  v iew c e r t a i n l y  r e q u i r e s
c o n f i r m a t i o n  be ca u se  no dominant  s e x - l i n k e d  c o n d i t i o n  
i s  known t o  oc cu r  i n  man. I f  i t  d id  so the
e x p e c te d  i n c i d e n c e  would be  tw ic e  a s  many women a* men
m a n i f e s t i n g  t h e  gene .
Table  I I .
F iv e  Hundred. P a t i e n t s  c l a s s i f i e d  i n t o  S i x t e e n  Groups 
f o r  t h e  Co lour  o f  t h e  I r i s .  C o n d i t i o n  o f  th e  Ear  l o b e s ,  
and t h e  R e f r a c t i o n .
I r i s  
BR. H e t ,
A t t a c h e d  6 65
E ar  l o b e s
F re e  *6 179
bl.
4-4.
170
Hypermet.  *6 198 I 5 q
R e f r a c t i o n
Myopia 6 4-8 55
Hyper.  Myopia 
A t t a c h e d  89 26
E ar  Lobes
Free  *02 8x
1 5 2
Table  I ? .
One hund red  and  s i x t v  males  u n d e r  s i x t e e n  y e a r s  o f  a^e 
c l a s s i f i e d  a s  i n  Table  I I .  b u t  th e  f i g u r e s  combined.
I r i s  Co lou r
"Brown. H e t e r o .  B lu e .
Bin. My. Hm. Mv, Hm. Mv.
A t t a c h e d  2 I  14 2 6 4
E a r  l o b e s
F re e  l 6 0 4 6 12 AQ 8
Table  1 7 .
One h u ndred  and t h i r t e e n  m ales  o v e r  s i x t e e n  y e a r s  o f  age 
c l a s s i f i e d  i n  a  s i m i l a r  manner to  f a b l e  1 2 .
I r i s  Colour
Brown. H e t e r o .  B lue  
Hm. Mv. Hin. My. a n .  My.
Attached.  I  0 8 I  7 4
Ear  l o b e s
F re e  2 I  77 7 V  ”
Table  1 4 . I57
One hundred, and n i n e t e e n  fe m a le s  u n d e r  s i x t e e n  y e a r s  o f  
age  c l a s s i f i e d  i n  a  s i m i l a r  manner t o  t h e  m ales  i n  t h e  
p r e v i o u s  t a b l e s
I r i s  Colour
Brown. H e t e r o . B l u e .
Hm. Mv, Hm. My. Hm. Mv
A t t a c h e d
l o b e s
I 0 1^ 7 I I  I
Free Q I 28 Q 12 I I
Table  15 .
One '^hundred and e i g h t  fem ales  o v e r  s i x t e e n  y e a r s  o f  age 
c l a s s i f i e d  i n  a  s i m i l a r  manner t o  Tab le  1 4 .
I r i s  Colour
Brown. H e t e r o .  B lue
Hm. My. Hm. Mv, Hm, Mv
A t t a c h e d I 0 20 4 5 6
Lobes
F re e 4 10 10 17 8
The a c t u a l  d a t a  upon which t h e s e  f i g u r e s  a r e  b a se d  
a r e  p l a c e d  i n  Appendix  x .
As s t a t e d  above t h e s e  t a b l e s  were s u b m i t t e d  to  
s t a t i s t i c a l  a n a l y s i s  bv Mr.H.W.Norton a t  th e  G a l to n  
l a b o r a t o r y  and I  am i n d e b t e d  t o  him f o r  t h e  f o l l o w i n g  
d e t a i l s .  I t  was p o s s i b l e  t o  work: o u t  w h e th e r
Dr. Race i n  h i s  London s e r i e s  o f  Ear  l o b e s  observed 
t h e  same p r o p o r t i o n  o f  i n d i v i d u a l s  w i t h  a t t a c h e d  lo b e s  
and th e  answ er  was i n  t h e  n e g a t i v e ,  p = 0 . 0^2 o r  one 
chance  i n  t h i r t y  t h a t  t h e  d i f f e r e n c e  was due t o  random 
sa m p l in g .  This  o f  c o u r s e  may be due t o  d i f f e r e n c e s
i n  t h e  p o p u l a t i o n  o f  London and Glasgow. Dr. Race
and  m y s e l f  have s i n c e  had  a n  o p p o r t u n i t y  o f  w ork ing  
o u t  a s  s e r i e s  t o g e t h e r .  T h is  e x per im en t  was done
u n d e r  Mr. N o r to n ’ s s u p e r v i s i o n  and we r e a c h e d  a lm os t  
co m p le te  ag reem ent  i n  our r e s u l t s ,  d i f f e r i n g  i n  one 
e a s e  o u t  o f  e i g h t y .  This  d i f f e r e n c e  had  no e f f e c t
on t h e  v a l i d i t y  o f  t h e  t e s t  off a s s o c i a t i o n  b e tw een  sex  
and  a t t a c h m e n t  r e f e r r e d  t o  ab ov e ,  a s  Iona1 a s  t h e  f i g u r e s  
a r e  examined to  see  w h e th e r  t h a t  a s s o c i a t i o n  d i f f e r s  be tw een
t h e  two s e t s  o f  d a t a .
As-  th e  d a t a  s tan d  eye c o l o u r  i s  n o t  s a t i s f a c t o r i l y  
a c c o u n te d  f o r  by t h e  h y p o t h e s i s  o f  a  s i n g l e  gene 
s u b s t i t u t i o n ,  p -  0 .022  o r  a b o u t  one i n  f i f t y .  The
d e v i a t i o n s  from e x p e c t a t i o n  a r e  n o t  v e ry  h i g h ,  i n  t h e  sense
t h a t  a  r a t h e r  sm a l l  p r o p o r t i o n  o f  e r r o r s  o f  c l a s s i f i c a t i o n
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would  a c c o u n t  f o r  them . I f  i t  assumed t h a t  th e
b l u e s  a r e  e o r r e c t l v  c l a s s i f i e d ,  and  t h a t  e r r o r s  o c c u r  
i n  d i s t i n g u i s h i n g  brown from h e te roch rom e . ,  t h e  
e x p e c t e d  number o f  browns- i n  50°  a b o u t  60 and o n l^
42 were  o b s e r v e d  ( s e e  Tab le  I I ) .  T h is  mav b e  due
t o  a  to o  c r i t i c a l  s t a n d a r d  i n  a s s e s s i n g  t h e  p u r i t y  o f  
b rown . V/hen t h e  s e g r e g a t i o n  i s  s t u d i e d  s e p a r a t e l y
f o r  t h e  f o u r  c r o u p s  formed by d i v i d i n g  t h e  d a t a  by 
s e x  a n d  by e a r  l o b e  a t t a c h m e n t ,  t h e  p r i n c i p a l  p a r t  o f  
t h e  d e v i a t i o n  from t h e  s i n g l e  gene ^ h y p o t h e s i s  a r i s e s  
f rom  t h e  f e m a l e s  w i t h  t h e  a t t a c h e d  l o b e s .  The o t h e r
t h r e e  g ro u p s  a l s o  show d e v i a t i o n s  i n  t h e  same d i r e c t i o n  
One " p o s i b i l i t v  i s  t h a t  s o m a t i c  m u t a t i o n  may cau se  
b rown e y es  t o  be  f l e c k e d  w i t h  y e l l o w  p ig m e n t  and  so 
become c l a s s i f i e d  a s  h e t e r o c h r o m e .  The d a t a  do n o t
c o n t r a d i c t  su c h  a s u p p o s i t i o n .  The r e v e r s e  so m a t ic
m u t a t i o n  c o u l d  a l s o  o c c u r ,  b u t  would  n o t  be  obv ious  
i n  t h e  d a t a  b e c a u s e  t h e  b l u e s  a n d  h e te r o c h r o m e s  a r e  
so  common r e l a t i v e l y .  T h is  m a t t e r  c an  o n ly  be
d e c i d e d  by  c o l l e c t i n g  d a t a  b a s e d  upon a  w i d e r  c l a s s i f i c a t i o n  
o f  i r i s  c o l o u r ,  g r o u p i n g  t h e  c a s e s  i n t o  t h e  s i x t e e n  
d i v i s i o n s  o f  P r o f .  M a r t i n ' s  A u g e n f a r b e n t a f e l  and 
t e s t i n g  t h e  d a t a . a r r a n g e d  i n t o  v a r i o u s  g r o u p s ,  a g a i n s t  
a  s i n g l e  g e n e  h y p o t h e s i s .  Work on t h e s e  l i n e s
i s  b e i n g  c a r r i e d  o u t .  w i t h  t h e  c o - o p e r a t i o n  o f  
P r o f .  R .A . ,F i s h e r .
P e d i g r e e  1 .
A P e d i g r e e  o f  Normal I n d i v i d u a l s  S e g r e g a t i n g  f o r  
Four  H e r e d i t a r y  F a c t o r s .
The members o f  t h i s  f a m i ly  were i n v e s t i g a t e d  f o r  
r e f r a c t i o n , i r i s  c o l o u r ,  c o n d i t i o n  o f  th e  e a r  l o b e s  
and  a b i l i t y  t o  t a s t e  p h e n y l - t h i o - c a r b a m i d e .  The 
r e a s o n  f o r  t h i s  i n v e s t i g a t i o n  was t h e  d i s c o v e r y  o f  
a  woman w i t h  one a t t a c h e d  lo b e  and one f r e e  Jobe  i n  
t h e  s e r i e s  a l r e a d y  d i s c u s s e d .  She cou ld  t a s t e
P .T .C .  and was a  h y r e r m t r o p i c  brown eyed i n d i v i d u a l  
w i t h  one a t t a c h e d  e a r  l o b e  and one f r e e  ( 1 . 4 ) *
Her  h u s b a n d , I . 3 ,  was a  b l u e  eyed myopic f r e e -  
l o b e d  man who c o u ld  a l s o  t a s t e  P .T .C .  Of th e
two d a u g h te r s  examined o n e , I I  3 ,  was a  myope w i t h  
a t t a c h e d  l o b e s , h e t e r o c h r o m i c  i r i d e s  and a t a s t e r .
The o t h e r , I I  4 ,  was a  h y p e r m e t r o p i c , h e t e r o c h r o m a t i c ,  
a t t a c h e d  l o b e ,  n o n - t a s t e r .  From t h i s  i t  f o l l o w s  t h a t
e i t h e r  o r  b o t h  I . 3 & 4 were h e te r o z y g o u s  f o r  t h e  f a c t o r  
c o n t r o l l i n g  t h e  a b i l i t y  to  t a s t e  P .T .C .
I I . 3 was m a r r i e d  to  a  b ro w n -e y ed ,h y p e rm e t ro p ic  
man who was a  t a s t e r .  They had two c h i l d r e n  I I I . I
& 2 .  B o th  t h e  c h i l d r e n  were h y p e r m e t r o p i c , h e t e r o c h r o -  
m a t i c  t a s t e r s .  The sm a l l  g i r l ' s  e a r s  were e q u iv o c a l
b u t  t h e  b o y ' s  e a r s  were f r e e .  I t  f o l l o w s  t h a t  1 1 ,2  
i s  p ro b a b ly  h e te ro z y g o u s  f o r  e a r  l o b e s  i f  i t  i s  found  t h a t
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I I I .  I  i s  s t i l l  a t t a c h e d  when she g e t s  o l d e r .  The
r e a s o n  why she i s  r e c o r d e d  a t  p r e s e n t  a s  e q u iv o c a l
i s  b e c a u s e  she  i s  a t  p r e s e n t  f i v e  y e a r s  o ld  and
i f  t h e  l o b e s  d e v e lo p  more she w i l l  be f r e e ,  b u t  a t
p r e s e n t  she i s  d o u b t f u l l y  a t t a c h e d .  I I . 2 had
a  s i s t e r  who was d e f i n i t e l y  a t t a c h e d ,  a  hyperm etrope
a n d  a  t a s t e r .  The p a r e n t s  o f  I I . I  and 2 were
b o t h  h y p e rm e tro p e s  w i t h  f r e e  e a r  l o b e s .  A g a in  one a t  l e a s t
m ust  have  been  h e te r o z y g o u s  f o r  t h i s  f a c t o r .  1 .1 had
h e t e r o c h r o m ic  i r i d e s  w h i l s t  1 . 2  had brov/n o n e s .  As 1 . 1
was dead  no r e c o r d  o f  t a s t i n g  cou ld  be o b t a i n e d  and
t h e  e a r  l o b e s  were c o n f i rm ed  by p h o to g r a p h s .  The
two c h i l d r e n  ( I I .  I  & 2) and  h i s  w i f e  1 . 2  were q u i t e
d e f i n i t e  a b o u t  t h e  c o l o u r  o f  h i s  eyes  : t h e y  were
’’g r e e n y - b r o w n " .
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R e f r a c t i o n  -  Hm .-Hyperm etrop ia ,  Mv.-  Myopia. 
I M s C o l o u r  -  BR.-Brown, H e t . -  H e terochrom e,  h i , -  B lue ,  
E a r  l o b e s  -  A t t ; —A t t a c h e d  -  F re e  l o b e s .  
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H i t h e r t o  U n p u b l i sh e d .
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A Conc lud ing  "Tote on Problems o f  Human H e r e d i t y .
The p r e v i o u s  s e c t i o n s  c o n t a i n  s e v e r a l  examples o f  
t h e  m a t e r i a l  which  a  c l i n i c a l  o p h t h a l m o lo g i s t  mav 
mptf' s u b m i t  t o  G e n e t i c i s t s  f o r  f u r t h e r  s t u d y .  P r o g r e s s  
can  o n ly  be  made by t h e  c l o s e s t  c o - o p e r a t i o n  between 
t h e  w o rk e rs  c o n c e rn e d .  I t  i s  becoming i n c r e a s i n g l y
d i f f i c u l t  f o r  w orke rs  i n  one s i d e  o f  a  f i e l d  to  know 
what  i s  goinff on a t  t h e  o t h e r  s i d e .  The d e t a i l s
demanded f o r  l i n k a g e  s t u d i e s  i n  man a r e  o f  such a 
k i n d  t h a t  i t  i s  im p o s s ib le  t o  work o u t  a  p e d ig r e e  i n  
t h e  c o u r s e  o f  r o u t i n e  work i n  a  c l i n i c .  The in fo rm ­
a t i o n  r e q u i r e d  i n  many c a s e s  canno t  be produced from
h o s p i t a l  work a t  a l l  ; f o r  example th e  f i -eu re s  needed
t o  c o n s t r u c t  a  normal  r e f r a c t i o n  curve  o f  thw p o p u l a t i o n  
c o u ld  on}.y be  g o t  from samples  n o t  a t t e n d i n g  an  eye
c l i n i c  and a t  th e  same t ime can  on ly  be c o l l e c t e d  by
a s k i l l e d  r e f r a c t i o n i s t . A p o s i t i v e  r e q u e s t  such
a s  t h a t  made by Dr. B e l l  and P r o f .  Haldane to  me f o r  
a  s e a r c h  o f  ha em o p h i l i c  p e d ig r e e s  c o n t a i n i n g  c o lo u r ­
b l i n d  i n d i v i d u a l s ,  can b e  c a r r i e d  o u t  w i th  t h e  h e lp  
o f  v a r i o u s  c o l l e a g u e s ,  b u t  even i n  t h i s  case  c o n s i d e r a b l e  
n e g a t i v e  i n f o r m a t i o n  had t o  be s i f t e d  o u t .
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I  am a l i t t l e  d o u b t f u l  i f  many p e d i g r e e s  such 
a s  P e d ig r e e  K i n  t h i s  t h e s i s ,  can "be worked o u t  
f o r  n o n - p a t h o l o g i c a l  f a c t o r s  such  as  b l o o d  groups  
and t a s t e  t e s t s  i n  e x i s t i n g  c i r c u m s t a n c e s .  Data
o f  t h i s  t y p e  t a k e  a  g r e a t  d e a l  o f  t im e  and l a b o u r  to  
c o l l e c t  and c o n s i d e r a b l e  t a c t  i s  r e q u i r e d  i n  g e t t i n g  
n o n - a f f e c t e d  members o f  t h e  f a m i l i e s  to  c o - o p e r a t e .
From t h e  g e n e t i c  s t a n d p o i n t  d i f f i c u l t i e s  a r i s e  
from t h e  sm a l l  s i z e  o f  th e  human f a m i ly  and t h e  incom­
p l e t e  knowledge a s  to  th e  type  o f  m a t in g ,  e . g .  w h e th e r  
t h e  p a r e n t s  a r e  homozygous o r  h e te r o z y g o u s  f o r  the  
f a c t o r  c o n c e rn e d .  This  a s p e c t  o f  th e  m a t t e r  i s  d i s ­
c u s s e d  by M ather  ( 1938) i-n  hi-8 book on th e  measurement 
o f  l i n k a g e  i n  h e r e d i t y .  He a l s o  i n d i c a t e d  t o  t h o s e
i g n o r a n t  o f  m a th e m a t ic s ,  t h e  extreme c o m p le x i ty  o f  t h e  
methods r e q u i r e d  i n  th e  a n a l y s i s  o f  such  m a t e r i a l .
The methods employed a r e  e s s e n t i a l l y  t h e  same as  th o se  
u se d  i n  o t h e r  b ra n c h e s  o f  g e n e t i c s  b u t  th ey  a r e  more 
complex and o f t e n  l e s s  e f f i c i e n t  b e c a u se  o f  th e  s h o r t ­
comings o f  th e  human d a t a  a v a i l a b l e .  P r e s e n t
p r o g r e s s  i n  our  knowledge o f  human g e n e t i c s  i s  l a r g e l y
due to  th e  work o f  F r o f . R . A . F i s h e r  -who has  dev e lo p ed  
t h e  s t a t i s t i c a l  methods r e q u i r e d  f o r  i t s  a n a l y s i s .
These methods a r e  d e s c r i b e d  i n  two s t a n d a r d  books 
w h ich  he  h a s  w r i t t e n  on th e  s u b j e c t  o f  s t a t i s t i c a l  
methods and on t h e  d e s ig n  o f  e x p e r im e n t s ,  a s  w e l l  as 
numerous p a p e r s  c o n c e rn in g  l i n k a g e  i n  human p e d ig r e e s
( F i s h e r  1934, 1935a ,  1935*>, 1936, 1937 , 1938*)-  
F i s h e r  p o i n t s  o u t  i n  one o f  h i s  p a p e r s  t h a t  c o l l e c t o r s  
o f  human p e d i g r e e s  i n  th e  p a s t  had  no knowledge o f  
t h e  many p u r p o s e s  to  which t h e i r  m a t e r i a l  i s  now b e in g  
p u t .  F a c t s  which a r e  now known to  have  v a lu e  were
f r e q u e n t l y  o m i t t e d ,  e . g .  t h e  sex  o f  norm al  c h i l d r e n ,  
t h e  e x a c t  b i r t h  o r d e r  and so on.
I n  human l i n k a g e  s t u d i e s  a l a r g e  amount of  
m a t e r i a l  does n o t  g iv e  any e v id e n ce  b e c a u s e  t h e  m a t in g s  
a r e  n o t  s u i t a b l e .  This  does n o t  mean o f  course
t h a t  such f a m i l i e s  sh o u ld  n o t  be p l a c e d  on r e c o r d ,  b u t  
f o r  t h e  a p p l i c a t i o n  o f  l i n k a g e  fo rm ulae  th e y  a r e  r e j e c t e  
F i g u r e s  3 , 4 ,  and 5 i l l u s t r a t e  t h i s  m a t t e r .  They
a r e  t a k e n  from a p ap e r  by F i s h e r  (1935a) on t h e  d e t e c ­
t i o n  o f  l i n k i ^ e  w i th  dominant a b n o r m a l i t i e s ,  th e  o b j e c t  
b e i n g  to  f i n d  o u t  w h e th e r  o r  n o t  any l i n k a g e  e x i s t e d
t 6t
be tw een  t h e  .pr^np concerned w i th  th e  p r o d u c t i o n  oi1 
t h e  a b n o r m a l i t y  and th e  gene  conce rned  w i t h  t h e  a b i l i t y  
t o  t a s t e  p h e n y l - t h i o - c a n b a m i d e .
F i g u r e  3 .
t t
t t
A f a m i ly  o f  t h i s  ty p e  i s  r e j e c t e d  owing to 
t h e  a f f e c t e d  p a r e n t  b e in g  a  n o n - t a s t e r  and 
t h e r e f o r e  homozygous.
F ig u re  4 .
A f a m i ly  o f  th e  ty pe  r e j e c t e d  owing t o  th e  
ab sence  o f  any n o n - t a s t i n g  c h i l d .
Figure 5 .
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i f t t I
A f a m i ly  which s u p p l i e s  i n f o r m a t i o n  a s  t o  l i n k a g e  j 
s i n c e  t h e  normal  p a r e n t  i s  a  n o n - t a s t e r .  The a f f e c t e d  
p a r e n t  must  he h e te r o z y g o u s  f o r  t h e  dominant d e f e c t  
b e c a u s e  she  h a s  a no rm al  c h i l d .  She must  a l s o
h e  h e te r o z y g o u s  f o r  T - f a c t o r  b e c a u se  she  has  two non­
t a s t i n g  c h i l d r e n .
I t  i s  p o s s i b l e  t o  d e t e c t  t h a t  a  gene r e s p o n s i b l e  
f o r  a  s i g n i f i c a n t  amount o f  v a r i a t i o n  i n  a  g raded  
c h a r a c t e r  such  as  s t a t u r e  o r  eye c o l o u r  i s  l i n k e d  
g e n e t i c a l l y  to  a n o th e r  g e n e .  T h is  second  gene
may b e  r e s p o n s i b l e  f o r  s i g n i f i c a n t  v a r i a t i o n s  i n  
a n o t h e r  g ra d e d  c h a r a c t e r  o r  i t  may b e  i n  one whose 
b e h a v i o u r  i s  p r e c i s e l y  known. By such  a n a l y s i s
t h e  d e t e c t i o n  o f  l i n k a g e  might  se rv e  to  i d e n t i f y  
g en es  whose p r e s e n c e  was u n s u s p e c t e d  (P e n r o s e  1938)#
The t e c h n i c a l  d e t a i l s  o f  such  c a l c u l a t i o n s  a r e  
beyond t h e  ran g e  o f  an  o r d i n a r y  c l i n i c a l  w orke r ,  b u t  
i t  i s  o f  im p or tan ce  to  remember t h a t  su ch  c a l c u l a t i o n s
l6 x
a r e  de p en d e n t  f o r  t h e i r  a c c u r a c y  upon o b se rv e d  
c l i n i c a l  d a t a .  I f  t h e  o b s e r v a t i o n s  p r o v id e d
by  th e  c l i n i c a l  i n v e s t i g a t o r  a r e  i n a c c u r a t e  o r  
l a c k i n g  i n  o b t a i n a b l e  i n f o r m a t i o n ,  no amount o f  
s . t a t i s t i c a l  s k i l l  w i l l  add t o  our  knowledge.
I n  t h e  f i r s t  p a r t  o f  t h i s  t h e s i s  myopia ,  
n i g h t - b l i n d n e s s  and r e t i n i t i s  p igm en tosa  a r e  
d i s c u s s e d  w i t h  i l l u s t r a t i v e  fam i ly  h i s t o r i e s ; '  i t  
ends w i t h  an a cc o u n t  o f  a  p e d ig re e  i n  which a l l  t h r e e  
c o n d i t i o n s  a r e  p r e s e n t .
I n  t h e  second p a r t  th e  l i n k a g e  which was 
e s t a b l i s h e d  between h a e m o p h i l i a  and c o l o u r - b l i n d n e s s  
by Dr. J u l i a  B e l l  and P r o f .  J .B ,S .H a ld a n e  i s  d e s c r i b e d .  
I t  i n c l u d e s  two p e d i g r e e s  c o n t a i n i n g  b o t h  c o n d i t i o n s  
which  were  worked o u t  by m y s e l f .  This  i s  an
example o f  c o - o p e r a t i o n  be tw een  s c i e n t i f i c  and c l i n i c a l  
w o rk e r s  l e a d i n g  to  an advance i n  knowledge.
I n  th e  t h i r d  p a r t  an a c c o u n t  o f  t h r e e  p e d ig r e e s  
o f  b l u e  s c l e r o t i c s  i s  g i v e n .  Two v/ere i n v e s t i g a t e d
p r i o r  t o  1931,  the  y e a r  i n  which B e r n s t e i n  f i r s t  
d e m o n s t r a te d  th e  p o s s i b i l i t y  o f  c a l c u l a t i n g  l in k a g e  
v a l u e s  i n  man. The t h i r d  b lu e  s c l e r o t i c  p e d ig r e e
I f>A
was i n v e s t i g a t e d  f o r  o t h e r  f a c t o r s ,  t h o s e  c o n t r o l l i n g  
c o l o u r - b l i n d n e s s ,  b lo o d  g ro u p s  and th e  a b i l i t y  to  
t a s t e  p h e n y l - t h i o - c a r b a m i d e . The o b j e c t  i n
d o in g  t h i s  was to  p r o v id e  m a t e r i a l  f o r  f u r t h e r  
l i n k a g e  s t u d i e s .  No su c h  g e n e t i c  a s s o c i a t i o n
was found .
The f o u r t h  p a r t  c o n ce rn s  th e  i n h e r i t a n c e  o f  
norm al  f a c t o r s  in v o lv e d  i n  th e  r e f r a c t i o n  o f  th e  
e ye ,  th e  c o l o u r  o f  t h e  i r i s  and th e  c o n d i t i o n  of  
t h e  l o b e s  o f  t h e  e a r s .  No a s s o c i a t i o n  be tw een  the
i r i s  c o l o u r  and S t a t e  o f  th e  r e f r a c t i o n  was found  i n  
a s e r i e s  o f  f i v e  hundred  c o n s e c u t iv e  c a s e s .  An
u n e x p l a i n e d  e x ce ss  o f  f e m a le s  w i th  a t t a c h e d  e a r  lo b es  
was o b s e r v e d .  As f a r  a s  I  am aware t h i s  had n o t  
b e e n  o b s e rv e d  b e f o r e ,  b u t  was conf i rm ed  by a  s e r i e s  
o b s e rv e d  by a n o t h e r  w o rk e r .  The manner i n  which
such  normal  c o n d i t i o n s  a r e  t r a n s m i t t e d  may a c t  as 
m ark e rs  f o r  f u r t h e r  s t u d i e s  i n  g e n e t i c  l i n k a g e .
I t  i s  a p p a r e n t  t h a t  f u r t h e r  p r o g r e s s  i n  
t h i s  complex f i e l d  can  o n ly  be made by t h e  c l o s e s t  
c o - o p e r a t i o n  between c l i n i c i a n s ,  g e n e t i c i s t s  and 
s t a t i s t i c i a n s .  No s i n g l e  i n d i v i d u a l  can g r a s p  
a l l  th e  t e c h n i c a l  d e t a i l s  i n v o lv e d ,  b u t  o p h t h a l m o lo g i s t s  
have  much to  c o n t r i b u t e  t o  such  s t u d i e s .
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The c r i t i c a l  c o l l e c t i o n  o f  d a t a  w i l l  l e a d  to 
p r o g r e s s  and i n  t h i s  c l i n i c i a n s  have a  mo3t i m p o r t a n t  
p a r t  t o  p l a y  by k e e p in g  a  c o n s t a n t  w a tch  f o r  c a s e s  
i n  which  f u l l e r  i n v e s t i g a t i o n  w i l l  add to  knowledge .  
C e r t a i n  examples may be  drawn from what  h a s  been  
w r i t t e n  a b o v e .  The e x a m in a t io n  o f  h a e m o p h i l i c s
and  t h e i r  u n a f f e c t e d  male r e l a t i v e s  f o r  c o lo u r  
d e f e c t s  i s  one obvious  s t e p .  The f u r t h e r  s tu d y
o f  r e f r a c t i v e  e r r o r s  from t h e  h e r e d i t a r y  and g e n e t i c  
a s p e c t  i s  r e q u i r e d .  Many problem s have  n o t  been  
m e n t io n e d  a t  a l l .
"For  I  b e l i e v e  t h a t ,  w h i l e  t h e o r i e s  a r e  
t f a n s i t o r y ,  a  r e c o r d  o f  f a c t s  h a s  a  pe rm anen t  v a lu e "  
i s  t h e  m o t to  p l a c e d  a t  t h e  b e g in n i n g  o f  t h i s  t h e s i s .  
O p h th a lm o lo g i s t s  a r e  i n  a  u n iq u e  p o s i t i o n  t o  c a r r y  
t h i s  o u t  i n  p r a c t i c e #
1 66
1.  T =
2 . J.<i4e»4am to  P « d i« x s«  H l>y ^ x o f# J^ B .S > S a .id an e ,
3 . flftta w u M r n in x  tk e  J 8 « f j» « tio a ^ S u r  Bojies Land
Z r i s  Coip-ur i n  E iy*  P m t o d  .
Appendix I.
y  =  bx *
Genes o f t e n  a f f e c t  th e  sp e e d  a t  which p r o c e s s e s  
t a k e  p l a c e  i n  t h e  "body. As an  o rgan ism  grows
c e r t a i n  r e l a t i o n s  a r e  m a i n t a i n e d  b e tw een  th e  s i z e s  
o f  i t s  p a r t s .  A s tu d y  o f  t h e i r  components throws
f u r t h e r  l i g h t  upon t h e  o p e r a t i o n  o f  t h e  genes  which 
i n f l u e n c e  them.
Suppose y  i s  t h e  s i z e  o f  a  p a r t i c u l a r  o r g a n ,  and x 
t h a t  o f  t h e  r e s t  o f  th e  body ,m inus  t h e  o rg an  i n  q u e s t i o n .  
Then t h e  r e l a t i o n  o f  th e  o rg a n  to  t h e  body th ro u g h o u t  
grow th  i s  g i v e n  by th e  fo rm u la  : y  -  bx** i n  which
b a n d a r e  c o n s t a n t s .  The te rm  b m ere ly  e x p re s s e s
t h e  i n t i t i a l  r e l a t i o n s h i p  ; t h a t  i s  to  sa v ,  t h e  v a lu e  
o f  y  when x  = I ,  TTowever, t h a t  o f  th e  exp o nen t  i s
o f  g r e a t  i n t e r e s t .  When «*- — I , th e  s i z e  o f  th e
o rg a n  rem a in s  th e  same r e l a t i v e  t o  t h a t  o f  th e  body .
When I  i t  i n c r e a s e s ,  and when ^  <^I  i t  d i m i n i s h e s .
I f  t h e  v a lu e  o f  <*. i s  much above o r  be low  u n i t y ,  a  g iv e n
2.
i n c r e a s e  i n  t h e  s i ^ e  o f  th e  body p roduces  a v e ry  
d i s p r o p o r t i o n a t e  change i n  t h a t  o f  t h e  o rg a n .  Genes 
may i n f l u e n c e  one o r  o t h e r  o f  t h e s e  components .  These 
r e l a t i o n s  have been  a n a l y s e d  by J .S .H u x l e y  (1932) and' 
t h i s  a c c o u n t  o f  the  m a t t e r  i s  t a k e n  from F o rd  ( 1 9 3 8 ) .
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Appendix g .
Addendum t o  P e d i g r e e  H. bv P r o f . J . B . S . H a l d a n e  
( p r e v i o u s l y  p u b l i s h e d  i n  th e  J1 . .Genet ics  1938 .XXXVI. 4 5 - 5 1 ) .
B e l l  and Haldane on t h e  b a s i s  o f  s i x  p e d i g r e e s ,
one o f  which was s u p p l i e d  by Dr. R i d d e l l ,  con c lu d ed  
t h a t  l i n k a g e  be tw een  t h e  genes  f o r  c o l o u r - b l i n d n e s s  
and h a e m o p h i l i a  was c o n c l u s i v e l y  d e m o n s t r a t e d , and 
gave a  v e ry  rough  e s t i m a t e  o f  5 f o r  th e  f r e q u e n c y  of  
c r o s s i n g - o v e r . The p r e s e n t  p e d i g r e e ,  though  i t
would f u r n i s h  l i t t l e  o r  no e v id e n c e  o f  l i n k a g e  i f  taken, 
by i t s e l f ,  adds som eth ing  to  t h a t  o f  th e  o t h e r s .
The on ly  woman who c e r t a i n l y  i s  o r  was doubly  
h e te r o z y g o u s  i s  I V . I d .  She c e t t a i n l v  r e c e i v e d  th e
gene f o r  h a e m o p h i l i a  from h e r  f a t h e r  . I I I  . 8 ,  and is? 
c e r t a i n l y  h e te ro z y g o u s  f o r  c o l o u r - b l i n d n e s s , s i n c e  she 
b o r e  a  c o l o u r - b l i n d  son .  She c an no t  be  homozygous,
a s  she  i s  n o t  c o l o u r - b l i n d .  There c an  be  no
r e a s o n a b l e  do ub t  t h a t  she  r e c e iv e d  th e  gene f o r  c o l o u r ­
b l i n d n e s s  from h e r  mother  I I I .  7 .who had a  c o l o u r - b l i n d
f a t h e r  and so n .  The a l t e r n a t i v e  would be  t h a t
I I I . 8 was a d e u te r a n o p e .  The a  p r i o r i  p r o b a b i l i t y
o f  t h i s  i s  0,014-. and t h i s  i s  g r e a t l y  red u c ed  bv two
f a c t s .  I I I . 8 was a j e w e l l e r ,  and c o l o u r - b l i n d n e s s
ifiq
would have i n t e r f e r e d  w i t h  h i s  t r a d e .  And t h i s
d e f e c t ,  had i t  e x i s t e d ,  would have been  n o t i c e d  i n  
a  f a m i ly  where c o l o u r - b l i n d n e s s  wan a l r e a d y  f a m i l i a r ,
C
/We c o n c lu d e  t h a t  IV.Id.  i s  -------  i n  t h e  t e r m in o lo g y
E
o f  B e l l  and H a ldane ,  t h a t  i s  t o  s a v ,  c a r r i e d  t h e  genes 
f o r  c o l o u r - b l i n d n e s s  and h a e m o p h i l i a  i n  o p p o s i t e  
chromosomes, o r  i n  o t h e r  words i n  r e p u l s i o n .  I f  x  i s  
t h e  f r e q u e n c v  o f  c r o s s i n g - o v e r  b e tw een  t h e s e  g e n e s ,  the  
p r o b a b i l i t y  t h a t  V . I ^ .  who i s  n o t  a h a e m o p h i l i c .  sh ou ld  
b e  c o l o u r - b l i n d  i s  I  -  x .
Given o u r  knowledge o f  h e r  t h r e e  s o n s ,  i t  i s  a lm o s t
"fr* "4“c e r t a i n  t h a t  I V . I I  i s  ——  . The p r o b a b i l i t y  t h a t
+* H
C -+■ P
sh e  i s  -----  i s  a b o u t  x  ( I  -  t  ) o r  0 . 0 0 ? ,  which mav
+  2
b e  n e g l e c t e d ,  "However, i f  VI .7 t u r n s  o u t  to  be
c o l o u r - b l i n d  some more i n f o r m a t i o n  on l i n k a g e  w i l l  be
a v a i l a b l e  ( h e  i s  s t i l l  to o  young to  examine -  W . J .B .R . I 9 3 9 ) •
I f  we combine t h e s e  d a t a  w i th  t h o s e  c o l l e c t e d  bv
— *7
B e l l  and Haldane we f i n d  p ( £ , p )  -  ^ . 9  3t 10 • That
i s  t o  s a v .  t h e  p r o b a b i l i t y  t h a t  t h e  t o t a l  o f  t h e  o bse rv ed  
r e s u l t s  sh o u ld  be  due t o  chance  i s  reduced  to  k a l f  i t s  
fo rm e r  v a l u e ,  and th e  odds a r e  now m i l l i o n s  to  one 
a g a i n s t  t h i s  e x p l a n a t i o n .
T70
B e l l  and  Haldane c a l c u l a t e d  a p r o b a b i l i t y  
P ( x , p )  t h a t  t h e  o b se rved  r e s u l t s  should  be  o b t a i n e d  
i f  x  i s  t h e  f r e q u e n c y  o f  c r o s s i n ? - o v e r  and p th e  
f r e q u e n c y  o f  d e u t e r a n o p i a  i n  t h e  male p o p u l a t i o n .
The l e a d i n g  te rm  o f  P ( x ,p )  i s  now x( I  -  x ) 2 
Thus t h e  maximum l i k e l i h o o d  e s t i m a t e  o f  x  i s  reduced  
from 3 . 5  t o  3 .3  f<>, th e  mean from 6 . 7  to  6 .3  and 
t h e  m edian  from 5 . 7  t o  5 .5  *  *
When a l lo w an ce  i s  made f o r  a  p l a u s a b l e  a p r i o r i  
p r o b a b i l i t y  d i s t r i b u t i o n  o f  c r o s s - o v e r  v a lu e s  as  
d e s c r i b e d  by B e l l  and Haldane,  t h e  c o n c lu s io n  i s  
r e a c h e d  t h a t  t h e  t r u e  c r o s s - o v e r  f r e q u e n c y  i s  a s  l i k e l y  
t o  b e  above a s  below 4 .5  # .
I t  i s  on ly  by th e  p a t i e n t  a c c u m u la t io n  o f  numerous 
p e d i g r e e s  su ch  as  t h i s  t h a t  t h e  l i n k a g e  v a lu e  w i l l  be 
f i n a l l y  e s t a b l i s h e d .
nummary.
A f a m i ly  i s  d e s c r i b e d  i n  which one woman i s  
h e t e r o z y g o u s  b o t h  f o r  h a e m o p h i l i a  and c o l o u r - b l i n d n e s s ,  
t h e s e  b e in g  d e r i v e d  from d i f f e r e n t  p a r e n t s .  Her
o n l y  s o n /  does n o t  show c r o s s i n g - o v e r .
Appendix 3.
D a ta  c o n c e r n in g  t h e  E ar L o b e s ,  R e f r a c t i o n  an d  
I r i s  C o lo u r  o f  F i v e  H undred C o n s e c u t iv e  P a t i e n t s  
i n  whom t h e s e  p o i n t s  w e r e  r e c o r d e d .
Case
No.
Sex Age Ear I r i s
I F 10 A H e t .
2 F 9 F H e t .
3 M 7 A Het .
4 M 8 F h i
5 M 8 A BR
6 M 9 F h i
7 F 13 F h i
8 F 8 F Het .
9 M 6 F h i
10 M 10 F h i
I I F 10 F BR
12 M 5 A Het .
13 F 8 A h i
14 M 40 F BR
15 F 56 F H et .
16 F 30 A Het .
17 M 15 F Het.
18 M 40 A Het.
19 M 65 F h i
20 F 64 F BR
21 F 44 A Het.
22 F 37 A Het .
23 F 69 F h i
24 M 8 F h i
25 F 14 F h i
R ig h t  L e f t
Hor. V e r t . Hor. V e r t .
+ 2 .0 + 2 .0 + 5 . 0 + 5 . 0 Hsu
+3 .5 + 3 .0 +3.5 + 3 .0 Hm.
- 1 . 2 5 - 1 . 25 - 1 .2 5 - 1 . 2 5 My.
+ 2 .5 + 2 .5 +2.5 + 2 .5 Hin.
+ 4 . 5 + 1 . 0 + 4 .5 + 1 .0 Hin,
+ 4 . 0 + 4 . 0 + 4 .0 + 4 .0 HM.
+ 2 . 0 + 2 .0 +2 .0 + 2 .0 Hin.
+3 .5 +3.5 +3.5 + 3 .5 Hin.
+ 8.0 + 7 .0 + 8 .0 +  7 . 0 Hm.
+ 1 .5 + 1 . 5 + 1 .5 + 1 .5 Bn.
+1 .25 +1 .2 5 + 1 .2 5 +1 .2 5 Hin.
+ 4 .5 +4 .5 +5.5 + 5 . 5 Bn.
+ S .0 +3 .5 + 5 .o +3.5 Bn.
+ 1 .5 +1 .0 +1 .5 +1 . 0 Bn.
+ 2 .0 +2 .0 + 2.0 +2 .0 Bn.
+13.55 + 1 .5 + 1 .5 + 1 . 5 Bn.
- 2 .0 - 2 .0 - 2 .0 - 2 .0 My.
+3 .0 +3 .0 + 3 .0 + 3 .0 Bn.
+3 .5 +3.5 +3.5 +3 .5 Bn.
+ 1 .0 + 1 . 5 +1 .25 +1125; Bn.
- 2 .5 - 3 . 5 - 2 .5 - 5 . 5 My.
+ 7 .0 +6 .0 + 4 .0 + 4 .0 Bn.
- 2 .0 - 2 .0 - 2 .0 - 2 . 0 My.
+ 8.5 -1- 7 .0 +  8 .5 + 7 .0 Bn.
- 5 .0 - 8 .0 - 3 . 5 - 3 . 5 My.
Case Sex Age Ear I r i s R ig h t L e f t
No. Hor. V e r t . Hor. V e r t .
26 F 13 F Het . -  0 .75 - 0 . 7 5 - 2 .0 - 2 .0 My.
27 M 13 F BR + 2 .0 +  2 .0 + 2 . 5 +  2 .5 Hm.
28 M 13 F Het . + 6 .0 +  7 .0 +  6 .0 +  7 .0 Hm.
29,: M 9 F b l + 9 . 0 + 7 . 0 + 9 .0 + 7 .0 Hin.
30 M 12 F b l + 6 .0 +  4 .0 + 6 .0 + 4 . 0 Hm.
31 F 13 F b l - 3 . 5 - 0 . 5 - 3 . 5 - 0 .5 My.
32 M 57 F H e t . + 1 .5 + 1 . 5 +  1 .5 + 1 .5 Hin.
33 M 60 F b l - 0 .5 - 0 . 5 - 0 . 5 - 0 .5 My.
34 M 65 A b l + 2.5 +  3 .5 + 2 .5 +  3 .5 Hin.
35 M 52 F H et . + 1 . 0 +1 .0 +  1 . 0 + 1 . 0 Hm.
36 F 21 A H et . + 3*0 + 4 .0 + 6 .0 + 8 .0 Hm.
37 M 51 F b l + 0 .75 + 0 .7 5 + 0 .75 + 0 .75 Hm.
38 M 67 F b l + 3 . 0 + 3 .0 +  3 .0 +  3 .0 Hm.
39 M 62 F Het . +  1 . 0 +2 .0 + 1 .0 +  2 .0 Hm.
40 M 47 F Het. +  5 .0 + 5 .0 + 5 .0 + 5  .o Hin.
41 M 21 A Het . + 5 . 0 + 5 . 0 + 6 .0 + 3 . 5 Hin. Ob.
42 M 5 F b l - 8 .0 - 8 .0 - 8 .0 - 8 . 0 My.
43 F 9 F H et . + 3 .5 + 4 . 5 + 3 . 5 + 4 .0 Hin.
44 F 9 F Het . +2 .75 + 2.75 + 2 .7 5 + 2 .7 5 Hm.
45 F 13 A Het . + 2 .5 + 2.5 +2.5 + 2 .5 Hin.
46f F 9 F b l +2 .75 +2 .75 +2 .75 +2 .75 Hin.
47 M 9 F Het. + 1 . 5 - 2 .0 + 2.0 - 2 .0 MyO'b.
48 F 9 F H et . +7 .0 + 7 .0 + 7 .0 + 7 .0 Hm.
49 F 7 F b l —•2.0 - 3 . 2 5 - 2 .0 - 3 . 2 5 My.
50 F i e F b l + 5 . 5 + 3 .2 5 + 5 . 5 +3 .25 Hm.Ob,
Case
Mo.
Sex Age Ear I r i s R ig h t  
Hor. V e r t .
L e f t  
Hor.  V e r t .
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51. M 44 F b l - 0 . 7 5 - 0 . 7 5 ' - 0 . 7 5 - 0 . 7 5 My.
52. M 35 F H et . + 1 .0 + 1 . 0 +  1 .0 +  1 . 0 Hm.
55- F 55 A H e t . +3.5 ■» 4 . 0 +  4 .5 + 4 . 5 Hm.
54 . F 64 F b l + 1 .0 + 1 . 0 +  1 .0 +  1 .0 Hm.
55 . M 68 F Het . + 2.75 + 2 .7 5 + 2.75 + 2.75 Hm.
5 6 . M 56 F H e t . +2.0 + 2 .0 + 2 .0 + 2 . 0 Hm.
57 . F 71 F H et . +2.5 +2 .5 +2 .5 +  2 .5 Hm.
5 8 . F 60 A H e t . +2.5 + 2 .0 + 2.5 +  2 .0 Hm.
59 . F 55 A H et . “14 .0 - 1 4 . 0 - 1 2 . 0 - 1 2 . 0 My.
6 0 . F 6 F b l + 3 .0 + 3 .0 + 2 .0 + 2 . 0 Hm.
6 1 . F 26 F Het . + 1 .0 +3 .0 + 4 . 0 + 5 .0 Hm.
6 2 . F 18 F BR + 8 .0 + 3 .0 + 7 .0 + 5 .0 Hm.
6 3 . M 9 F b l + 7 .0 + 6 .0 + 3 .5 + 3 . 5 Hm.Ob.
64. M 71 F Het . + 6 .0 + 2 .5 + 6 .0 + 2.5 Hm. Ob.
6 5 . F 8 F BR + 3 .0 +3-0 +3-0 +3-0 Hm.
66. F 9 F Het . +2 .0 + 2 .0 +3-0 +2 .0 Hm.
6 7 . M 6 F Het . “1 .5 -T c- J- “ 1 . 5 - 1 . 5 My.
68. M 9 A H et . +7 . 0 + 8 . 0 + 7 .0 + 8 .0 Hm.
69. M 8 F b l +  5 .5 + 2.5 + 5 .5 + 2 .5 Hm.
7 0 . F 7 F b l + 10 .0 +8 .0 + 1 0 .0 + 8 .0 Hm.
71. M 11 F BR + 2 .5 + 2 .5 +2.5 +2.5 Hm.
7 2 . F 5 F b l + 4 .0 + 4 .0 + 4 .0 + 4 . 0 Hm.
7 3 . F 10 F b l - 1 . 25 - 1 . 2 5 - 1.25 - 1 .25 My.
74. F 33 A H et . +3.0 + 1 .5 + 5 .0 +1.5 Hm.
7 5 . F 28 A b l - u . o - 1 4 . 0 - 1 4 . 0 - 1 4 . 0 My.
Case
r o .
S e x Age E a r
7 6 . F 77 A
77- M 11 F
•
ccb- F 5 F
79 . F 13 F
•0CO M 12 F
8 1 . , Cl-'i 6 F
8 2 . M 7 F
•
cc F 9 A
84. M 13 F
03 vn • M . 9 F
8 6 . M 12 F
8 7 . M 10 F
8 8 . M 5 F
8 9 . M 33 A
9 0 . M 62 A
9 1 . F 21 A
9 2 . M 39 F
93- F 21 F
9 4 . M 55 F
95. M 70 F
9 6 . F 11 F
97* M 9 A
VO CO • F 11 F
9 9 . F c, F
1 0 0 . M 6 F
I r i s  R i g h t
Hor. V e r t .
Het. +•3.5 + 3 0
Het . ■+5.5 •+•2.0
BR + 4 .0 +1.5
Het +7 .0 +7.0*
Het - 0 .7 5 ' - 0 .^5
b.l -+3.5 - 1 . 0
BR +-4.5 + 4 .5
b l -t-3.0 - 1 .0
Het + 3 .5 + 3 .5
Het +  6 .5 + 5 . 0
b l - 5 .0 - 8 . 0
Het + 5 . 0 +-5.0
Het -+3.5 + 3 .5
b l + 2.5 +  0 .5
BR + 1 . 0 + 1 . 0
Het +  1 .5 + 1 . 0
b l - 1 4 . 0 —i p .0
b l - 2 . 0 - 2 .0
b l +  0.75 + 0 .75
b.l + 3 .5 + 3 .5
b l -t-3.0 ■+3 • 0
Het + 6.5 + 4 . 5
b l + 4 . 0 +-4 .0
Het + 4 .5 -+3.5
BR +6.5 +2.0
L e f t
H o r . V e r t .
+3.5 +3.5 Hm.
+ 5 .5 +1.5 Hm.Ob.
- 1 3 . 0 - 1 3 . 0 My.
+•6 . 0 + 6 . 0 Hm.
- 0 . 7 5 - 0 . 7 5 My.
~+-3.5 - 1 . 0 My.
+4 .5 +A.5 Hm.
+3 .0 - 1 . 0 My.
+ 6 . 0 + 2 . 0 Hm.
+ 6.5 + 5 .o Hm.
- 1 . 5 - 2 . 5 My.Ob.
+ 5 . 0 +5 . 0 Hm.
+3.5 +3-5 Hm.
+ 2 .5 + 0 . 5 Hm.
+ 0 . 5 +0 . 5 Hm.
+1 . 5 +0 .5 Hm.
- 1 4 . 0 - i p .o My.
- 2 . 0  . - 2 . 0 My.
+-0.75 +0 .75 Hra.
+3.5 +3.5 Hm.
+ 1 .5 +1 . 5 Hm.
+A.5 +4.5 Hm.
+4 . 0 +4 . 0 Hm.
+ 3 . 0 + 3 . 0 Hm.
+ 2 . 0 + 6.5 Hin. Ob.
Case
Ho.
Sex Age Ear I r i s
101. M 8 F b l
1 0 2 . M 5 F b l
1 0 3 . M 14 F b l
104. M 10 F Het
105. M 8 F BR
1 0 6 . F 11 F b l
107. M 9 F Het
1 0 8 . M 45 F b l
109. M 39 F Het
110. F 66 F Het
I l l . F 5 F b l
1 1 2 . M 10 F b l
113. F 10 F b l
114. M 7 F BR
115. M • 5 F b l
I l 6 . F 5 F b l
117. F 11 F Het
I l 8 . M 11 F b l
119. M 5 F b l
1 2 0 . M 72 F Het
121. M 57 F Het
1 2 2 . M 61 F Het
123. M 32 F Het
124. F 46 A Het
125. K 48 F b l
R i g h t
176
L e f t
H o r . V e r t . H o r . V e r t .
Hm. Ob+6.5 '+2.5 +-2.5 + 5 .0
My. - I I . 0 - I I  .0 - I I . 0 - I I  .0
Hm. + I 8 . 0 +9 .0 + 9 .0 + 1 0 .5
Hm. + 5 .5 +3.5 + 5 .5 + 3 .5
Hm. + 4 .5 + 3 .5 +4 .5 + 3 .5
Hm.
0•£0 +0 .5 + 4 .0 +  0 .5
My. - 5 . 0 - 5 . 0 1 M O • O - 1 0 .0
My. - 2 4 . 0 —2 4 .0 - 22 .0 - 22 .0
Hm.Ob.+ 1 .5 + 1 .5 + 2 .0 + 3 .0
My. - 1 4 . 0 - 1 4 . 0 - 2 .0 - 1 . 0
Hm. + 1 . 5 + 1 . 5 + 1 . 5 + 1 . 5
Hm. + 7 . 0 + 7 . 0 +  6 .0 + 6 .0
My. Ob+1.5 - 2 .0 + 0 .7 5 + 0 .75
Hm. -+4.5 +  4 .5 + 7 .0 + 7 .0
Hm. + 4 .5 + 4 .5 + 5 .5 + 5 .5
Hm. + 8 .0 + 7 . 0 + 8 .0 +7 . 0
Hm. +  1 . 0 +  1 .0 +1 .0 + 1 . 0
Hm. + 4 .5 +  4 .5 + 4 .5 + 4 . 5
Hm. + 7 .0 + 7 . 0 + 7 .0 + 7 . 0
Hm. + 1 . 5 + 1 .5 +1 .5 + 1 .5
Hm. + 1 .75 + 1 . 7 5 + 1 .5 + 1 .5
Hm. +  A.0 +  3 .5 +  4 . 0 + 3 .5
My. ±0.25 1 0 .25 1 0 .2 5 ± 0 .2 5
Hm. + 1 .5 + 1 .5 +1.0 + 1 .0
Hm. + 2 .0 + 2 .0 + 3 .0 +3 .0
Case Sex Age Ear I r i s R ig h t L e f t
No. Hor. V e r t . H o r . V e r t .
1 2 6 . M 41 F b l Hm. - t l  .0 '  + 1 . 0 + 2 . 0 + 2 .0
1 2 7 .| F 48 F Het Hin. Ob . + 4 .0 -+I.0 +2.5 + 5 .0
1 2 8 . F 10 A Het Hm. Ob . -+5*o •+3*5 +2.5 +5*0
129. F 12 F Het Hm. + 1 .25 +1.25 +1 .25 +1.25
1 3 0 . F 9 A Het Hm. + 1 .5 +1.5 +1.5 +1.5
131 . F 38 A b l Hm. + 1 .25 + 1 .25 +1 .25 +1 .25
1 3 2 . M 32 F Het Hm. Ob,. +7 . 0 + 4 . 0 -*3 . 0 + 5 .0
133 . M 73 F b l My. - 1 . 0 - 2 .0 - 7 .0 - 9 . 0
134. F 16 F BR My. - 7 .0 - 8 .0 - 6 .0 - 9 . 0
135. M 35 F BR My. - 4 . 5 - 4 . 5 - 6 .0 - 7 .0
1 3 6 . F 45 F BR My. Ob.. - 9 . 0 - 1 2 .0 - 9 .0 - 1 2 . 0
137. F 10 F Het Hm. + 1 .5 + 1 . 5 + 1 .5 +  1 .5
138. M 16 A b l My. - 1 .25 - 1.25 - 1 . 0 - 1 .0
139- M 16 F Het My. - 3 .0 - 0 . 7 5 - 9 .0 - 9 . 0
140. F 7 F b l Hin. + 7 . 0 + 7 . 0 + 7 .0 + 7 . 0
141. F 8 A b l Hin. +  1 1 .0 + 6 .0 +1 2 .0 + 8 .0
142. F 11 F Het My. - 6 .0 - 6 .0 - 6 .0 - 6 .0
143 . F nio F b l Hm. + 8 .0 +7 .0 + 7 .0 + 6 .0
144. M 671 F b l Hm. +  1 .5 +  1 .5 + 1 .5 + 1 .5
145. M 12 F Het Hin. + 3 .0 +  1 .5 + 3 .0 + 1 . 5
146 . F 9 F b l My. - 2 .0 - 4 .0 - 3 .0 - 6 .0
147 . M 5 A Het Hm. + 5 .0 + 5 . 0 + 5 .0 + 5 . 0
1 4 ° . F 64 F Het Hm. +  1 .75 + 1 .7 5 +1.75 + 1 .7 5
149 . F 41 ‘ F Het My. Ob. 2 .0 - 0 . 5 - 0 . 5 “ 2 .0
1 5 0 . F 20 F b l Hm. + 1 .5 +1 .5 + 1 .5 + 1 .5
Case
No.
Sex Age Ear I r i s R ig h t  
Hor. V e r t .
L e f t  
Hor.  V e r t .
151 . M 58 F Het Hm. + 1 .5 ' -VI.5 + 1 .0 + 1 .0
15 2 . M 53 F Het Hm. Ob .-+1.5 + 1 .5 +  2 .5 + 1 .5
153 . M 52 F Het Hm'. + 2 .0 +  2 .0 + 2 . 0 + 2:0
154 . F 23 F b l Hm. + 1 .75 + 1 .75 + 1 .7 5  +1 .7 5
155 . F 12 F BR Hm. + 2 .0 + 2 .0 + 2 .0 +2.0
156 . M 8 F • Het My. - 1 . 5 - 1 . 5 - 1 . 5 - 1 . 5
157 . F 5 A b l Hm. +  8 .0 +  8 .0 +  8 .0 +8 . 0
158 . M 10 F BR Hm + 1 . 5 + 1 . 5 + 1 . 5 + 1 . 5
159 . F 13 F Het Hm. + ^ . 0 + 3 . 0 + 5 . 0 + 2 .0
l 6 0 . M 8 F b l Hm. + 6 .0 +  4 . 0 + 8 .0 + 4 .0
l 6 l . F 9 A Het Hm. + 1 . 5 +  1 .5 + 1 .5 + 1 .5
1 6 2 . M 13 F Het Hm. + 3 .0 +  3 .0 + 3 .0 + 3 -0
1 6 3 . M 8 F BR Hm. +  1 .5 * 1 . 5 + 1 . 5 + 1 . 5
164 . F 42 F Het Hm. +  8 .0 +  2 .5 + -6 . 0 +2 .5
165 . M 10 F b l My. - 1 . 0 - 1 .0 - 1 . 0 - 1 .0
1 6 6 . F 22 F b l My. - 4 . 5 - 4 . 5 - 3 .5 - 5 . 0
1 6 7 . F 17 F b l ' My. - 4 . 0 - 4 . 0 - 4 . 0 - 4 . 0
1 6 8 . M 8 F Het Hm. + 1 .0 +  1 . 0 +  1 .0 + 1 .0
1 6 9 . M 11 A b l M y. - 1 . 5 - 1 . 5 “ 1 .5 - 1 . 5
1 7 0 . M 5 F Het Hm. +  3 .0 +  3*0 +  4 .0 + A . 0
171. M 6 F BR Hm. +  2 .5 + 2.5 + 4 . 5 +  3 . 0
1 7 2 . M 10 F Het Hm. +■7 .0 +  5 .0 + 7 . 0 +  5 .0
173- M 12 F b l Hm. + 5 .0 + 5 - 0 + 9 . 0 +  9 .0
174. M 8 A b l Hm. + 9 .0 +  8 .0 + 9 . 0 + 8 .0
175. M 5 F b l Hm. +  5 . 0 + A.5 +  5 .0 + 4 . 5
R i g h t  L e f t
Case
Fo.
Sex Age Ear I r i s Hor. V e r t . Hor. V e r t ,
1 7 6 . M 7 F Het Hm. 1- 6 .0 +  6 .0 + 7 .0 + 7 . 0
177. F 5 A h i Hm. +  8 .0 + 8 .0 + 8 .0 +8 .0
178. F 50 F Het Hin. +  1 .5 + 1 .5 + 1 . 5 + 1 . 5
179. M 73 F b l Hm. +  1 .5 +  1 .5 + 1 . 5 +  1 .5
l 8 0 . M 52 F Het My. - 1 . 0 - 1 . 0 - 1 .0 - 1 . 0
l 8 l . F 13 F Het Hm. +  8 .0 + 3 .0 +  2 .5 + 2.5
1 8 2 . : hl 7 F Het Hm. +  4 . 0 +  4 .0 + 6 .0 +6 .0
1 8 3 . M 10 F Het Hm. + 4 . 0 +  3 . 0 + 5 .0 +  4 .0
•CGrH F 7 A Het Hm. +  4 . 0 +  4 . 0 + 4 . 0 +  4 . 0
H CO v_n • F 7 F b l Hin. +  2 .5 + 2 .5 + 2.5 +  2.5
1 8 6 . M 19 F b l My. -  1 . 0 - 1 .0 - 0 . 7 5 - 0 . 7 5
187. M 74 F b l Hm. +  2 .5 + 2 .5 + 2.5 + 2.5
1 8 8 . M 41 F b l My- - 1 . 25 - 0 .75 - 1 . 0 -  0 .75
189. F 48 F Het Hm. -*-2.0 +  2 .0 + 2 .0 +  2 .0
190 .  . M 13 F Het Hm. +  5 .5 +  4 .5 + 9 . 0 + 7 . 0
191. F 13 F Het Hin. + 7 .0 + 7 . 0 +7 .0 +  7 .0
192. F 13 F Het Ifin. +  4 .5 +A.5 +  6 .0 + 5 .5
193- F 12 F Het Hm. +  8 .0 + 6 . 5 + 8 .0 +  6 .5
194. F 7 F Het Hm. +  3 .5 +  3-5 + 3 .5 +  3-5
195 M 13 F Het My. ' - 3 . 0 - 2 . 0 - 3 .0 - 2 . 0
196. M 8 A Het ran. +  8 .0 +  8 . 0 + 8 .0 • + 8 .0
197. F 48 F ’- h i ran. + 1 .25 -1-1 .25 + 1 .25 + 1 .25
198. M 47 A Het Hm. + 1.25 + 1 .25 + 5 .0 + 7 .0
199. M 32 A b l My. Ob .+4 .0 - 0 .5 + 4 . 0 - 0 .5
200. F 26 A b l Hm. + 1 .5 + 1 .5 + i . 5 +  1 .5
I7Q
Case 
No.
Sex Age Ear I r i s
2 0 1 . M 33 A b l
2 0 2 . M 18 F b l
ro o o>i • M 66 F b l
204. M 52 F Het
205. F 50 F Het
2 0 6 . M A2 A b l
2 0 7 . F 68 F Het
•cooCM F 29 A b l
2 0 9 . F 35 A b l
2 1 0 . F 22 A b l
2 1 1 . F 74 F b l
2 1 2 . M 18 F b l
213. F 9 A Het
214. M 16 F b l
215. M 48 A b l
2l f i . M 68 F b l
217- F 23 F b l
218 . F 68 F b l
219. M 69 F b l
2 2 0 . M 57' F Het
2 2 1 . M 68 F Het
2 2 2 . M 58 F b l
223. M 57 F Het
224. M 49 F Het
225. M 53 A Het
R i g h t  
H o r .  V e r t .
L e f t  
H o r .  V e r t .
Hm. + 3 .5 + 3 . 5 + 3 .5 + 3 . 5
My. -*3.5 - 0 .5 + 3 .5 - 0 .5
My. - 0 .5 - 0 .5 - 0 .5 - 0 .5
My. - 2 .0 - 3 . 5 - 2 . 0 - 4 . 0
Hm. + 4 .0 + 4 .0 +  4 . 0 + 4 .0
My. + 1 .5 - 0 . 5 +2 .0 - 1 . 0
Hm. + 2.25 + 1.25 + 2.5 + 1 .5
Hm. + 4 .0 + 4 .0 + 4 . 0 + 4 . 0
"Hm. + 3  • 0 + 3 .0 -t-3.0 + 3 . 0
My. - 1 . 0 - 1 . 0 - 1 . 0 - 1 . 0
Hm. +3 . 0 + 3 .0 + 3 . 0 + 3 .0
Hm. + 1 .5 +1.5 + 1 .5 4-1 .5
Hm. + 1 .2 5 +1.25 + 1.251 +1 .25
Hm. + 5 . 0 + 5 . 0 + 4 .0 + 4 .0
Hm. + 3 . 0 •+3 *o + 2.5 +  2 .5
My. - 0 . 5 - 0 .5 - 0 . 5 - 0 . 5
Hm. +-3.5 + 3 .5 +  4 .5 + 3 . 5
My. ~ 3 . o - 3 .0 - 1 . 0 - 1 . 0
Hm. + 3 . 5 + 3 .5 + 3 .5 + 3.5
Hm. + 1 . 5 +-1 .5 +  1 .5 + 1 .5
Hm. + 5 . 0 + 5 . 0 +  5 . 0 + 5 . o
Hm. + 1 . 5 + 1 .5 +  1 .5 +  1 .5
H m .0 b tl .5 -+1 . 0 + 2.5 + 2 .0
Hm.0b+5 .0 + 4 .0 +  6 .0 + 6 .0
Hm. + 1 . 5 + 1 .5 +  1 .5 + 1 .5
Case
no.
Sex A ge Ear I r i s R igh t  
Hor. V e r t .
L e f t  
Hor.  V e r t .
2 2 6 . M 13 F b l Hm. 4 - 7 . 0 +3 .5 + 8 .0 + 3 . 5
2 27 . M ■ 9 F Het My. Ob . - 5 . 0 - 9 . 0 - 6 .0 - 2.5
2 2 8 . F 6 F BR Hm. +  6 .0 + 5 . 0 i -Q.0 + 6 .0
2 29 . F 5 F Het Hm, +8 .0 + 8 .0 + 8 .0 +8 .0
2 30 . M 11 F Het Hm. + 3 .0 + 3 . 0 + 2.5 +  2 .5
2 3 1 . F 10 F b l My. - 1 .0 - 1 . 0 - 1 . 0 - 1 . 0
2 3 2 . M 5 A Het Hm. + 3 . 0 + 3 . 0 + 3 .0 + 3 .0
233. M 10 F BR Hm. 4-6 .0 + 5 .0 + 4 . 5 + 4 .5
2 3 4 . F 18 F b l Hm. + 5 . 0 + 5 . 0 + 5 . o + 5 . 0
235. F 26 A M - My.Ob. - 5 . 0 - 2.5 - 2 .5 —6 . 0
2 3 6 . F 13 A b l Hm. 4- 5 .0 + 4 .5 + 5 . 0 + 4 .5
237. M 82 F b l Hm. +  1 .5 + 1 . 5 + 1 . 5 + 1 .5
ro CO • M 88 F Het Hm. + 0 . 7 5 + 0 . 7 5 + 0 . 7 5  + 0 .7 5  !
239. M 80 F b l Hm. +  2.5 +  3 .0 + 3 .0 +  3 .0
240. M 42 F Het Hm. +  2 .5 +  2 .0 +  2 .5 +  2 .0
241. F 20 A b l My. - 1 .25 - 1.25 - 1 ^ 5 - i . * 5
242. M 87 F Het My. - 1 . 5 - 3 . 5 - 0 .5 - 1 . 5
243. M 13 F Het My. - 3 . 0 - 3 . 0 - 3 . 0 - 3 . 0 1
244. M 12 F b l Hm. +  4 .5 +  2 .0 +  4 .5 +  2 .0
245. M 13 F Het Hm. + 3 .5 + 3 . 5 +  8 .0 + 2 .0
246. M 13 F b l Hm. + 8 .0 +8 .0 + 6 .0 + 6 .0
247. F 11 F b l My.Ob. - 0 .5 - 3 . 0 - 1 .25 - 1.25
248. M 9 F b l Hm. + 5 .5 + 5 . 5 + 5 . 5 + 5 . 5
249. M 13 F b l Hm. 4-7.0 + 7 .0 + 7 . 0 + 7 .0
250. j  *• 11 A Het Hm. + 7 .0 4-7 .0 4-7 .0 + ^ . 0
C a s e
No.
Sex Age Ear I r i s R ig h t  
Hor .  Ve~t .
f
L e f t  
Hor .  V e r t
251. F 48 A Het■ Hm. +  4 .0 +  2 .5 + 5 . 0 + 3 .0
2p2. M 12 F b l Hm. + 4 . 0 + 3 .0 +  4 . 0 + 3 . 0
253- M 9 A Het Hm. -+7 • 0 + 7 . 0 +  7 .0 + 7 .0
254. F 0, F BR Hm. -b l . 0 + 1 .0 + 4 . 0 + 4 .0
255. M 7 F Het Hm. +2 .75 -+2.75 + 2 .75  +?. '75
256- F 5 F bl Hm . -+3 • 0 + 3 .0 + 3 . 0 + 3 -o
257. F 12 A Het My. - 1 .5 - 1 . 5 - 1 . 5 - 1 . 5
258. F 13 F Het My. —1 .0 - 1 .0 - 1 .0 - 1 .0
259. M 13 A b l Hm. + 1 0 . 0  + 6 . 0 + 9 . 0 +  8 .0
2 6 0 . M 9 A Het Hm. + 6 .0 -*-3.5 + 5 .0 + 3 .0
261 . M 9 F Het Hm. +5 .0 + 3 .0 + 3 .5 +3 .5
262 . F 22 F Het Hm. +-1.0 + 0 .7 S + 1 .0 + 0.75
2 6 3 . F 47 F Het HmOb+2.5 +  1 .0 +1 . 0 + 2.5
284. M 10 F Het Hm. +5 .0 + 5 .0 + 5 . 0 + 5 .0
265. F 9 F b l Hm. + 6 . 0 +  3 .0 +  5 .5 + 5 .0
2 66 . M 13 F b l Hm. + 7 . 0 + 6 .0 + 7 . 0 +  7 .0
2 67 . M 13 A b l My. —1 .0 - 4 . 5 - 2 .0 - 4 .0
2 68 . F 1 1 ' F Het My. - 4 . 0 - 7 .5 - 0 .5 - 2 . 5
2 69 . F 11 F Het H m . + Q.0 + 3 .5 + 7 . 0 + 3 .5
270. M 5 F b l Hm. + 3 .0 + 3 .0 +  3 .0 + 3 .0
271. F 7 F b l Hm . + 7 . 0 + 1 . 0 + 7 . 0 + 4 .0
2 7 2 . M 13 A b l Hm. + 7 . 0 + 6 .0 + 7 .o + 6 .0
273- M 18 F b l Hm. +5 .5 +4 . 0 + 5 .5 + 4 .0
274. F 64 F b l Hm. + 3 .5 +  0 .75 +  3 .5 + 0 .7 5
275. F 75 F Het Hm. + 4 . 0 +  4 . 0 + 4 . 5 + 4 . 5
Case 
■ No.
S e x Age E a r I  r i s R i g h t  
H o r .  V e r t .
L e f t  
H o r .  V e r t .
276. M 9 F H e t Hm. 4-1.25 4-1 .25 +1 .25 + 1 .25
277. M 45 F b l My. - 1 . 0 - 1 .25 - 1 .0 “ 1 .5
278. M 17 F H e t Hm. -+I .25 +1.25 -U.25 +1 .25
279. F 7 A BR Hm.Ob . -*-4.5 4-3 .5 + 4 . 5 4- 4 .5
2 80 . F 8 A H e t Hm. 4-8.0 4-9 .0 +  8 .0 + 9 . 0
2 81 . F 5 F H e t Em. 4-5.5 + 1.5 + 5 .5 +  4 .5
2 82 . F 13 F H e t My. - 1 . 7 5 - 1.75 ~ i . 5 - 1 . 5
’ 2 83 . F 7 F b l Hm. + 2 .5 4-2 .5 + 2.5 + 2 .5
284. M 13 F H e t Hm. + 9 .0 +A.0 + 8 .0 + 4 . 0
285. M 10 F H e t Hm. +  2 .5 + 2 .5 + 2.5 +  2 .5
2 86 . M 5 F H e t Hm. + 3 .5 + 3 .5 +3-5 + 3 .5
2 8 7 . M 65 A H e t Hm. + 1 .5 + 2.25 + 1 .2 5 +1 .2 5
2 8 8 . F 37 F  ■ b l My. - 2 .5 - 3 . 0 - 2 .5 - 3 .5
•0COC\J M 66 F H e t Hm. + 3 .75 + 3 -7 5 +3.75 + 3.75
2 9 0 . M ^3 F b l Hm. 4-1.0 4- 3 .0 +  0 .5 +  1 .25
291. F 27 F H e t My. - 9 . 0 - 9 .0 - 1 2 .0  -- 1 2 . 0
292. M 55 F H e t Km. + 2 .8 4-2.5 +  2 .5 +  2 .5
293. F 53 A H e t Hm. +  2 .0 4-2 .0 +  2 .0 +  2 .0
294. F 37 F H e t Hm. +  5 . 0 4 -5 .0 +  8 .0 +  6 .0
295. F 31 F H e t Hm. +  2 .0 4 -2 .0 +  2 .5 +  2 .5
2 9 6 . F 3^ A H e t Hm. +  2 .5 4-2 .5 +  2 .5 + 2.5
297. F 48 F H e t Hm. •*■2.5 4-2.5 + 2.5 +  2 .5
298 . K 49 F H e t Hm. +  2 .5 +  2 .5 + 2 .5 + 2 .5
299. F 24 F b l Em. +  1 .0 4-1.0 + 1 .0 +  1 . 0
3 0 0 . F 51 F b l Hm. -V-i.o ■+3.0 + 1 .0 + 3.5
Case Sex Age Ear I r i s R igh t L e f t
No.
3 0 1 . F 5 A Het
Hor.  
Hm.Ob .+A .5
V e r t . 
+ 7 .0
Hor. V e r t .
4 -7 .0  + 4 . 5
3 0 2 . F 9 A b l Hm. + 1 . 5 + 1 .5 + 1 . 5  + 1 . 5
303. F 5 F BR Hm. -f-5.0 +  5 .0 +  5 . 0  + 5 . 0
3 0 4 . M 8 F BR Hm.Ob .4 6 . 0 +  5 .0 + 4 . 5  + 4 . 5
305. F 9 F b l Hm. 4-3.0 + 3 . 0 + 3 . 0  + 3 . 0
3 0 6 . M 3 F Het Hm. + 3 . 0 4-5.0 + 5  • 0 + 5 .0
3 0 7 . F 9 F Het Hm. + 2 .0 + 2 .0 + 2 .0  + 2 .0
3 08 . F 3 F b l Hm. + 3 .5 +3.5 + 4 .5  + 4 . 0
309. F 30 A Het Hm. Ob. + 2 .0 + 3 .0 + 6 .0  + 3 .5
3 1 0 . M 9 F b l Hm. + 5 . 0 + 5 . 0 + 5 . 0  + 5 . 0
311 . F 38 F Het My. - 5 . 0 - 9 . 0 - 1 4 . 0  - 1 4 . 0
3 12 . M 52 F b l Hm. -h i .  25 + 1 .2 5 +  1 .2 5  + 1 .2 5
313. F 44 A Het Hm. + 1 .0 + 1 .0 + 1 .0  + 1 .0
3 1 4 . M 25 F Het Hm. + 8 . 0 + 6 .0 + 8 . 0  + 6 .0
315. F 64 F Het Hm. + 1 .2 3 +1.25 +  1 .25  + 1 .2 5
3 1 6 . F 14 A Het Hm. Ob .+A. 0 +0 .5 + 0 .7 5  + 4 . 0
317. M 9 F BR Hm. +  1 3 .0 + 10 .0 + 1 4 . 0  + 1 0 .0
3 1 8 . M 12 A Het Hm. + 6 .0 + 6 .0 + 6 . 0  + 6 .0
319. F 8 F Het My. -A .O - 9 .0 - 4 . 0  - 9 .0
3 2 0 . M 8 A BR Hm. + 5 . 0 + 3 . 0 +  5 . 0  + 5 .0
3 21 . M 8 A Het My. + 4 . 0 - 0 .5 +  4 . 0  - 1 .0
3 2 2 . . M 13 F b l Hm. + 2 .5 + 2 .5 + 3 .5  + 3.5
3 2 3 . F 72 \ . A . BR Hm. + 1 .0 + 1 .0 + 1 . 0  + 1 .0
3 2 4 . F 64 F Het Hm. + 3 . 0 + 3 .0 +3 . 0  + 3 .0
325. F 14 A Het My. - 1 . 5 - 2 .0 - 1 .0  - 2.25
Case 
No.
Sex Age Ear I r i s
3 2 6 . F 15 F Het
327. M 9 F 11
3 2 8 . M 7• F 11
329. M 13 F Het
33O. M 7 F Het
331- M 5 F 11
332. F 5 F Het
333. F 48 F BR
334. F 40 F 11
335. F 22 F BR
3 3 6 . F 17 F Het
337. F 43 A Het
3 3 8 . F 28 A Het
339- M 10 F 11
3*0. M 14 A Het
341. M 13 A BR
342. F 8 F Het
343* M 10 F 11
344. M 7 A 11
345. F 11 F BR
346. F 7 A 11
347. M 10 F 11
348. M 8 F Het
349. F 2* A Het
350. M 47 F 11
R i g h t  
H o r .  V e r t .
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L e f t  
H o r .  V e r t .
Hm.
LTN
O
J•rH+ + 1 .25 + 1 . 2 5  + 1 .2 5
Hm. + 1 .2 5 + 1.25 + 1 . 2 5  + 1 .2 5
Hm. +  I .75 +1.75 + 1 .7 5 + 1 .7 5
My. 01 - 1 . 5 - 1 . 5 - 1 . 5 + 1.25
Hm. + 2.5 + 2 .5 + 2 .5 + 2 .5
Hm.01 .+ 6 .0 + A.0 +A.0 + 4 .0
Hm. + 6 .0 +6 .0 + 6 .0 + 6 . 0
Hm. * 1 . 5 +1.75 + 1 .5 + 2 .0
Hm. + 2 . 5 + 2.5 + 2.5 +  2 .0
My. + 2.5 - 2 .0 + 3.5 - 1 .0
My. “ 1 .0 - 1 .0 - 1 . 0 - 1 .0
Hm. + 1.25 + 1 .25 + 2.5 + 2 .5
Hm. +1.25 +1 .2 5 +1 .25  + 1 .25
Hm. + 2 .5 +2 .5 + 2.5 + 2 . 5
Hm. +  A.0 + 4 .0 + 4 . 0 +  4 . 0
M y. - 1 . 0 - 2 . 0 - 1 . 0 - 2 . 0
Hm. -12.5 +  2 .5 +  2 .5 + 2 .5
Hm. + 1.5 + 1 .5 + 2 .75  + 2.75
Hm. + 5 . 0 + 5 . 0 +  A.0 + 4 .0
ffin. 01 .+3 .5 + 3.5 + 4 . 0 + 2 .5
Hm. + 7 . 0 + 7 . 0 * 7 . 0 + 3 .5
Hm. ■*2.5 +2 .5 + 2 . 5 +  2 .5
Hm. + 1 .5 + 1 .5 +1 .5 +1 .5
Hm. -v i . 25 +1 .25 +1.25 +1.25
Hm. + 1.25 +1.25 ■vi. 25 + 1.25
Cane 
No.
Sex Age Ear I r i s R ight  
Hor. V er t
186 
L e f t  
Hor.  V e r t .
351. M 3 6 ' A b l Hm. + 1 .7 5 +1 .75 +1.75 +  1 .75
352. F 32 A b l My. + 2 .5 - 1 . 5 + 2.25 - 2.25
353 . F 20 A b l Hm. + 1 .7 5 + 1 .75 + 1.75 + 1 .7 5
354. F 28 F Het My. - 1 .0 - 1 . 5 - 1 . 5 - 2 . 0
355. F *9 F Het Hm. + 6 .0 +  5 . 0 + 5 . 0 -*-5 . 0
356. F 16 F b l My. -*-2 .0 - 0 .5 + 4 .0 - 1 .5
357. F 32 A Het My. - 2 .25 - 1 . 5 - 2.25 - 1 .75
358. M 17 F Het Hm. + 0 .75 + o .75 + 0 .75 + 0 .7 5
359. M 13 F b l Hm. + 6 . 0 + 6 .0 -*-6 .0 + 6 .0
3 6 0 . M 14 F b l Hm. + 3 . 0 + 3 . 0 4 3 . 0 -*-3 . 0
3 6 1 . M 16 A b l My. + 3 . 5 - 0 .5 - 0 .5 - 0 .5
3 6 2 . F 7 F b l My. ~ 6 .o -  6 .0 - 6 .0 - 6 .0
3 6 3 . M 13 F b l Hm.Ob .+ 8 .0 + 5 . 0 + 5 . 0 + 8 . 0
3 6 4 . ■ M 6 F b l Hm. -+8 .0 +  p .0 + 8 .0 + 8 .0
3 8 5 . F 13 A b l Hm. + 6 .o + 2.5 +  5 .0 +  0 .5
3 6 6 . M 13 F b l My. - 1 . 5 - 1 . 5 - 1 . 5 - 1 . 5
3 6 7 . M 13 F Het My. - 2 .0 - 2 .0 “ 1 .0 - 1 . 0
3 6 8 . F 52 F Het Hm. •*8 .0 + 4 . 0 + 8 .0 +  4 . 0
3 6 9 . F 19 F b l Hm. + 1 .0 + 1 .0 + 1 .0 + 1 . 0
370. M *5 F BR Hm. + 2 .0 4 2 .0 + 2 .0 +  2 .0
371. M 57 F Het Hm. +3 . 0 + 3 .0 +3 .0 + 3 .0
372. M 47 F b l Hm. +  2 .5 + 0 .5 + 2.5 4 0 . 5
373. M 10 A b l My. - 1 .25 - 1 .2 5 - 1 .25 - 1 .25
374. M 11 F b l Hm. + 2.25 +2.25 + 2.25 + 2.25
375. F 10 A Het Hm. + 5 . 0 +  5 .0 + 5 . 0 4 5 . 0
Case Sex Age Ear I r i s R ig h t L e f t
No. Hor.
/
V e r t . H o r . V e r t .
376. F 8 F b l Km. + 3 .5 +3.5 + 3 .0 +  3 .0
37?. F 10 F b l Hm. +  A.0 + 4 .0 + 4 .0 + 4 . 0
378. M 9 F Het Hm. +  A.0 + 4 . 0 4 4 . 0 + 4 . 0
379. M 9 F Het Hm. +  4 . 0 + 4 . 0 +  7 .0 +  7 .0
3 8 0 . M. 24 F b l My. - 2 . 5 - 2 . 5 - 2 . 5 - 2 .5
381.. F 6 F b l Hm. +  4 .5 + 4 .5 + 4 .5 + 4 .5
3 8 2 . F 17 F Het My. - 5 .0 - 5 . 0 - 1 . 5 - 2 . 5
3 8 3 . F 18 A Het Hm. + 0 .7 5  + 0.75 + 0 .75 + 0 . 7 5
3 8 4 . M 6 F Het Hm. +  8 .0 + 8 .0 +  5 .5 +  5 .5
3B5. M 15 F b l Hm.Ob .+ 8 .0 + 4 . 0 +  8 .0 +  4 .0
3 8 6 . F 11 A Het Hm + 3 . 0 + 3 . 0 +  3 .0 + 3 . 0
3 8 7 . M 13 F Het Hm. + 8 .0 +  6 .0 +  8 .0 + 6 .0
3 8 8 . F 11 F b l Hm. + 0 .5 +  0 .5 +  0 .5 +  0 .5
3^9 . . M 11 F b l Hm.Ob .+7 .0 + 5 . 0 + 5 . o +  7 .0
3 9 0 . F 70 F Het Hm. -+2.5 + 3 .0 + 3 .0 + 3 . 0
391 . F 4 F Het Hm. +  3 .0 + 3 .0 +  3 .0 + 3 . 0  1
392. M 8 F Het Hm. -V-3 . 0 + 3 . 0 +  3 .0 + 3 . 0  j!
393- F 24 F Het My. - 8 .0 - 8 . 0 - 8 . 0 - B . °  j
394. M 60 F b l Hm.Ob .-*■2.0 + 5 . 0 + 6 .0 +  2 .0
395. F 56 F Het Hm. + 1 . 0 + 1 .0 + 1 .0 +  1 . 0
396. M 2 F b l Hm. -+3.0 + 3 .0 + 3 .0 +  3 .0
397 . M 8 F Het Hm. + 7 - 0 + 7 . 0 + 9 .0 + 9 - 0
398. F 16 F b l Hm. +  1 .0 + 1 . 0 + 1 .0 + 1 . 0
399 . F 18 F Het My. - 1 . 5 - 1 . 5 - 1 . 5 - 2 . 0 l'i
4 0 0 . F u F Het Hm. + 7 .0 +7 . 0 + 7 .0 +  7 . 0  !'
Case 
No.
Sex Age Ear I r i s R igh t  
Hor .  v e r t
L e f t  
. Hor. V e r t 1.
401 . F 61 F b l Bn . + 3 -5 + 3 .5 + 3 .5 + 3 . 5
402 . M 12 F b l Bn. +2 .0 + 1 . 0 + 4 . 0 + 1 . 0
403. M 13 A Het Hm. + 6 . 0 + 6 .0 + 6 .0 + 6 . 0
404 . M 14 A Het Bn. + 5 . 0 + 5 . 0 + 5 . 0 + 5 . 0
405 . M 15 F b l Hm. +4 .0 +4 . 0 + 5 . 0 + 5 . 0
406 . F 10 F b l Hm. + 8 .0 + 6 .0 + 8 .0 + 6 .0
407 . M 15 A b l My. - 3 . 5 - 3 . 5 - 3 . 0 - 3 . 0
408 . M 11 F Het Hm. + 6 , 0 + 6 . 0 + 6 .0 + 6 .0
409 . M 8 F BR Hm. + 5 . 0 + 5 . 0 + 5 . 0 + 5 . 0
410 . M 12 A b l Hm. + 4 . 0 + 0 . 5 + 5 . o +  3 . 0
411 . M 14 F b l My. ~ 5 .o - 5 . 0 - 5 . 0 ~ 5 . o
412 . F 42 A Het My. - 1 . 5 - 2 .0 +-0 .75  + 0 . 7 5
413 . F 92 F b l Hm. + 1 .5 + 1 .5 + 1 . 5 + 1 . 5
414 . M 47 F Het Hm.Ob. + 0 . 5 + 5 . 0 + 5 . 0 +  2 .0
415 . M 24 A b l Hm. Ob. + 7 . 0 + 2 .0 + 2 .0 + 5 . o
4 1 6 . M 74 F Het My. - 1 2 .0 - 12 .0 - 1 2 .0 - 1 2 .0
417 . M 58 A Het Hm. + 0 . 5 +-1 . 0 +  0 .5 + 1 . 0
418. M 55 F Het Hm. +  3 . 0 + 3 . 0 + 3 . 0 + 3 . 0
419 . M 65 F b l Hm. +  6 .0 +  6 .0 +  7 .o + 7 . 0
420. F 67 F Het Hm. +  2 .25 + 2.25 + 2 .25  + 2.25
421 . M 60 A Het Hm. + 3 . 0 + 3 . 0 + 3 . 0 + 3 .o
422. M 45 F b l Hm. + 1 .5 + 1 .5 + 1 .5 + 1 .5
4 2 3 . M 70 F Het Hm. + 2 .5 +2.5 + 3 . 0 + 2 .0
424 . F 65 F Het Hm. + 1 .5 + 1 .0 +-1 .5 +  1 .0
425. M 59 F b l Hm.Ob. + 6 .0 +  6 .0 + 8 . 0  + 11 .0
I B P
Case 
No.
Sex Age Ear I r i s R i g h t  
H o r .  V e r t .
1
L e f t  
H o r .  V e r t .
426. M 11 F H e t  Hm. +  1 .7 5  -h l .75 + 1 . 7 5  + 1 .7 5
427. M 10 F H et  Hm. + 4 . 0  + 4 . 0 + 6 .0  + 6 .0
428. M 6 F H e t  Hm. -+6 . 0  + 6 .0 + 7 . 0  + 6 .0
429. F 5 F "bl Hm. + 4 . 0  + 4 .0 + 4 . 0  + 4 . 0
430 . F 5 F BR Hm. + 4 . 5  + 3 .5 + 3 . 0  + 3 .0
431 . F 13 F b l  My. - 1 . 7 5  - 1 . 7 5 - 1 . 7 5  - 1 . 7 5
432 . F 5 F Het Hm. + 6 . 0  + 4 .5 + 4 . 5  + 3 .0
433. F 10 F b l  Hm. + 1 .7 5  +1 .7 5 + 1 . 7 5  + 1 .7 5
434. F 10 A bl- Hm. + 9 . 0  + 7 .0 +9 . 0  + 7 . 0
435 . M 7 F BR Hm. -V2.5 -V2.5 + 2 . 5  + 2 . 5
436. F 25 A b l  My. - 1 . 0  —1 .0 +  1 . 0  + 1 . 0
437- M 43 A H e t  My. +1 .5  + 1 .0 - 0 .5  - 0 .5
438. F 22 F b l  My. - 9 . 0  - 1 4 . 0 - 1 0 . 0  - 1 4 . 0
439. M 6 F b l  Hm. +  6 . 0  + 6 .0 +  6 . 0  + 6 .0
440 . M 14 A Het  Hm. + 5 . o  + 5 •0 + 5 . 0  + 5 .0
4 4 1 . M 14 F b l  Hm. + 1 1 .0  +1 1 .0 + 1 1 .0  + 1 1 .0
4 4 2 . F 9 F H et  My. - 8 . 0  - 8 . 0 - 7 . 0  -  8 . 0
443. F 14 A H e t  My. - 2 . 0  - 2 .5 - 0 .5  - 0 .5
444 . F 5 F b l  Fm. + 8 . 0  + 7 .0 + 8 . 0  + 7 . 0
445. F ’ 13 F H e t  Hm. + 6 .0  + 6 .0 +  6 .0  + 6 .0
446 . M 15 F H e t  My. - 1 . 5  - 0 .75 - 4 . 0  - 4 . 0
4 47 . F 12 A b l  Hm. + 7 . 0  + 7 .0 +  7 .0  + 7 . 0
448 . M S i F H e t  Hm. + 3 .o  + * $ .0 +  2 .5  + 0 .2 5
449* F 69 F H et  Hm. +2.25  + 2 .0 + 2 .25  + 2 .0
450 . M 59 F b l  Hm.Ob .+6 . 0  + 6 .0 + 8 .0  + 1 1 .0
iqo
Case Sex Age Ear I r i s Ho- E i g h t L e f tNo. Hor. V e r t ;  Hor . V e r t
451 . F 33 F b l Hm. +  6 .0 + 2 .0 +  5 . 0 +  2 .0
452. M 55 F b l Hm. -+3.5 + 3 .5 +  3 .5 +  3 .5
453.. M 18 A b l Hm. + 2 .0 + 2 .0 + . 2 .0 +  2 . 0
454 . M 50 F b l Hm. + 1 .0 + 1 . 0 +  1 .0 +  1 .0
455. M 30 F Het Hm. Ob .-+10.0 + 7 . 0 + 7 . 0 + 1 0 .0
456 . M 62 F Het Hm. -+2 .0 + 2 .0 + 2 .0 +  2 .0
457 . M 62 F Het Hm. +  1 .5 + 1 .5 + 1 . 5 + 1 . 5
458 . M 41 F b l Hm. -+2.0 + 2 . 0 + 2 .0 + 2 . 0
459 . F 9 F BR Hm. -+1 0 .0 + 1 0 .0 + 1 0 .0 + 1 0 .0
4 6 0 . F 11 F b l Hm. + 4 .5 + 3 . 5 +  4 .5 + 3 . 5
4 6 1 . M 9. F Het Hm. + 1 .5 + 1 .5 + 1 . 5 +  0 .5
4 6 2 . M 12 F b l Hm. -+9 . 0 + 9 .0 +-9 • 0 + 9 .0
4 6 3 . M 10 F Het Hm. + 4 . 0 + 2 .0 +  4 .0 + 2 .0
4 6 4 . F 32 A Het Hm. + 1 .25 + 1 . 0 +  1 .5 + 1 .0
4 6 5 . F 51 F Het Hm. + 1 .7 5 + 1 .7 5 + 1 . 7 5 +  1 .75
466 . F 60 A Het Hm. + 1 . 7 5 + 1 .7 5 + 1 .7 5 +1.75
4 6 7 . M 70 F b l My. - 5 . 0 - 5 . 0 - 5 .0 - 5 . 0
4 6 8 . F 38 F b l Hm. +  1 . 0 + 1 . 0 + 1 . 0 + 1 .0
4 6 9 . M 16 A Het Hm. +  1 .0 +  1 .0 +  1 .0 +  1 .0
470 . F 6 F Het My. - 4 .0 - 4 . 0 - 4 . 0 - 4 . 0
471. M 31 F Het Hia. + 1 . 0 + 1 .0 +  1 .2 5 + 1 .25
472. M 70 F Het My. - 3 . 0 - 3 .0 - 3 . 0 - 3 . 0
473 . F 13 F b l My. - 5 . 0 - 9 .0 - 5 . 0 - 9 . 0
474. M 11 F b l Hm. + 3 .0 + 3 .0 + 5 . 5 + 5 . 5
475. F 8 F Het Hm. + 2.5 + 2 .5 +  2 .8 +  2 .5
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Case Sex Age Ear I r i s R ig h t L e f t
No. Hor. , V e r t . Hor . V er t ,
476. F 5 A b l Hm. + 6 . 0 +  6 .0 +  5 . 0 +  5 .0
477 . F 10 F b l Hm.Ob . + 4 . 5 +1 .25 + 3 .5 + 3 . 5
47S. M 7 F Het Hm. + 7 . 0 + 7 . 0 + 8 .0 + 8 . 0
479 . F 12 A Het Hm. +  8 . 0 + 3 .5 + 9 .0 + 4 . 0
480 . M 8 F Het Hm. + S .0 +  6 .5 +  7 .0 + 6 .0
4 8 1 . F 7 F b l Hm. + 3 .5 +  3 .5 +  3 .5 + 3 .8
482 . M 8 F BR Hra. +  1 .5 + 1 . 5 + 1 .5 + 1 .5
•N-\
CO*3- M 65 F b l Hm. +  1 .0 + 1 .0 + 1 . 0 + 1 . 0
484 . M 29 F Het Hm. +  5 . o +  5 .o +  5 . 0 +  5 .0
•ir\
co F 39 F BR Hm. +  2 .0 + 2 .0 +  2 .0 +  2 .0
486 . F 21 F Het My. - 3 . 0 . - 3 .0 - 3 . 0 - 3 .0
4 8 7 . F 50 F Het Hm. + 1 . 7 5  + 1 .7 5 + 1 . 7 5 + 1 . 7 5
•OOCO M 30 F b l Hm. + 1.25 +1 .2 5 + 1 .25  + 1 .25
-f* 00 VO • M 78 F b l Hm. + 2.25 + 2 .25 + 2 .0 +  2 .0
4 9 0 . M 13 A b l Hm. + 1 . 2 5 + 1 .25 + 1 .25  + 1 .2 5
4 9 1 . F 52 F Het Hm„ +  0 .5 + 0 .5 + 0 . 7 5 + 0 . 7 5
4 9 2 . F 55 F Het Hm. +  1 .5 + 1 .5 + 1 . 5 +  1 .5
4 9 3 . M 14 F Het Hm. + 5 . 0 + 2 .0 + 4 . 0 +  4 . 0
4 9 4 . M 10 F BR Hm. +  5 . 0 +  5 .0 +  5 . 0 + 5 . o
4 9 5 . M 8 F Het Hm. + 4 . 5 + 3 . 5 + 3 . 5 + 3 . 5
4 9 6 . F 9 F b l Hm. +  2 .0 + 2 .0 +  2 .0 + 2 .0
4 9 7 . F 7 F Het My. + 1 . 5 - 3 . 5 +  1 .5 - 2 .0
4 9 8 . M 13 F H it Hm. +  8 .0 +  8 .0 +  7 .0 +  7 . 0
4 9 9 . M 13 F b l My. - 9 . 0 - 9 . 0 - 8 . 0 - 3 . 0
5 0 0 . M 13 F b l Hm. + 7 .0 + 7 . 0 + 7 . 0 +  7 .o
l i t e r a t u r e
1 9 2
I n  t h e  f o l l o w i n g  l i s t  p a p e r s  known t o  me o n l y  by 
q u o t a t i o n  a r e  i n d i c a t e d  by  s t a t i n g  t h e  o r i g i n  o f  
t h e  r e f e r e n c e .  As-; the  t h e s i s  i s  b a s e d  u p o n
o b s e r v e d  p e d i g r e e s  no a t t e m p t  h a s  b e e n  made to  
p r o v i d e  a n  e x h a u s t i v e  b i b l i o g r a p h y .
S p e c i a l  ack n o w led g e m e n t  m u s t  b e  made by  
a l l  o p h t h a l m o l o g i s t s  who w r i t e  u p o n  t h e  s u b j e c t  
o f  h e r e d i t y  i n  eye  c o n d i t i o n s  t o  t h e  a u t h o r s  o f  
t h e  t h r e e  works  l i s t e d  b e lo w .
The T r e a s u r y  o f  Human I n h e r i t a n c e , e d i t e d  by K a r l  
P e a r s o n ,V o lu m e  I I .  N e t t l e s h i p  M e m o r ia l  Volume by 
D r .  J u l i a  B e l l .
K u r z e s  Handbuch d e r  O p h t h a l m o l o g i c , e d i t e d  b y  F . S c h i e c k  
a n d  A .Br tLckner ,  Volume I ,  s e c t i o n  on  t h e  H e r e d i t y  o f  
t h e  Eye b y  A . F r a n c e s c h e t t i .
Das M e n s c h l i c h e  Auge und  s i n e  E r b a n l a g e n ,  by 
D r . P . J . W a a rd en b u rg .
R e f e r e n c e s .
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Ammon,quoted "by E sk e lu n d .
T . A r l ' t , F #( l87fi)ITber d i e  U rsachen  und d i e  Ens tehung  
d e r  K u r z s i c h t i f r k e i t ,  V ienna .  
v . A r t h a ,  quo ted  "by Donders .
Bateson,W«( I9 0 9 )M e n d e l ’ s  P r i n c i p l e s  o f  H e r e d i t y , London. 
B a u e r , E , , F i  s che r , E . a n d L en z , F . ( 1931 ) Human H e r e d i t y , London, 
B e d e l l , A . J . ( I 937)A r c h . o f  O ph th .X V II .4 4 4 .
B e l l , J u l i a ( I 928)A nn .E ugen ics  I I I . 2 6 9 .
. . ( 1 9 3 3 ) T r e a s u r y  o f  Human I n h e r i t a n c e  
Volume I I . C a m b r i d g e .
. . ( 1 9 3 9 ) T r e a s u r e  o f  Human I n h e r i t a n c e  
Volume I I I . Cambridge .
. .  . .  . .  and H a l d a n e , J . B . S . ( I 9 3 7 ) P r o c . R o y . S o c . B .
CX X III . I IQ .
B e r n s t e i n , F . ( 1 9 3 1 ) Z e i t . f . I n d u Ic t .A h s ta m m .u n d  V e r e r h l e h r e ,  
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